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PREFACE. 


T 


HE  Authors  of  Original  Papers  in  the  present  Volt] me, 
are  Sir  H.  C.  Englefield,  Bart.  M.  P.  F.  R.  S. ;  Mr.  II. 
Steinhauer;  Mr.  John  Gough;  Ra.  Thicknesse,  Esq.;  Mr. 
Wm.  Wilson;  C.  Wilkinson,  Esq.;  J.  Whitley  Boswell, 
Esq.;  Mr.  W.  Brande ;  Aletes ;  Mr.  John  Dalton;  Capt. 
J.  Mortlock  ;  W.  F.  S. ;  Mr.  Charles  Sylvester ;  Mr.  Ezekie] 
Walker;  T.  B.  C. ;  Jos.  Huddart,  Esq.  F.  R.S.;  E.  O.; 
W.  B. ;  Mr.  N.  Mendelfhon;  C.  L. ;  Mr.  Accum  ;  Right 
Hon.  Sir  Joseph  Banks,  Bart.  P.  R.  S.  &c.  &c. ;  Mr.  R. 
Matthews;  Mr.  J.  Biddle;  An  Old  Correspondent. — Of 
Foreign  Works*  Thenard ;  Hesinger;  Bergelius;  Morozzo; 
Bucholz ;  Dariigues;  Schoerbing;  Boullay;  Lagrange;  Lus- 
sac ;  Erman. — And  of  English  Memoirs,  abridged  or  ex¬ 
tracted;  Smithson  Tennant,  Esq.  F.R.S.;  W.  H.  Wollaston, 
M.  D.  F.  R.  S.;  C.  Hatchett,  Esq.  F.  R.  S.;  Gregory  Watt, 
Esq.;  Right  Hon.  C.  Greville,  V.  P,  II. S.;  George  Pearson, 
M.  D.  F.  R.  S. ;  J.  Hinckley,  Esq. ;  F.  S.  A. ;  T*  A.  Knight, 
Esq. 


Of  the  Engravings  the  Subjects  are,  1.  An  ancient  Egyp¬ 
tian  Engraving  in  Symbols,  supposed  to  be  astronomical.. 
2.  Figures  to  illustrate  the  Galvanic  Charge,  by  C.  Wilkin¬ 
son,  Esq.  3.  Outlines  of  Pendulous  Measures  of  Time,  by 
J.  W.  Boswell,  Esq.  4.  Figure  to  illustrate  Mr.  Gough’s 
Theory  of  the  Augmentation  of  Sound,  by  communicated 
Vibrations.  5.  Instrument  for  surveying,  by  Capt.  J.  Mort¬ 
lock.  6.  Instrument  for  taking  Designs  from  Nature.  7 , 
Plan  and  Sections  of  an  improved  Air-Pump,  by  Mr.  Men- 
delsshon.  8,  Figures  to  illustrate  Mr.  Gough’s  Theory  of 

the 
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the  Speaking  Trumpet.  9.  Improvement  in  Woulfe's  Ap¬ 
paratus.  10.  Method  of  drawing  a  Line  in  a  Circle  equal 
to  the  Side  of  its  Square.  11.  Two  quarto  Plates,  exhibit- 
ing  highly  magnified  Representations  of  the  Parasitic  Plant 
which  causes  the  Blight  in  Corn,  from  Drawings  by  M< 
Bauer,  Botanical  Painter  to  the  King.  12.  Mathematical 
Diagrams  of  the  Properties  of  Triangles,  by  Mr.  Gough. 
13.  Application  of  Spectacle  Glasses,  by  Mr.  E.  Walker. 


SoJto  Square,  April ,  1803. 
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ARTICLE  I. 

Concerning  the  original  Inventors  of  certain  philofophical  Dip 
cor, cries  ;  the  Refie&ion  of  Cold ;  CompreJJion  of  Water  in  a 
metallic  V effel ;  the  Telef cope ;  and  a  perfpeStive  lnftrument  for * 
merly  deferibed.  In  a  Letter  from  Sir  H.  C.  Engleeield, 
Bart.  M.  P.  F*  R,  S.  fyc.  fyc. 


To  Mr.  NICHOLSON. 


SIR, 


Although  abftra&edly  fpeaking,  it  is  of  no  importance  Univerfal  fentl-] 
to  fcience  who  fird  made  the  mod:  valuable  experiments,  or  to  favour 

what  individuals  the  world  is  indebted  for  the  mod  ufeful  dis¬ 
coveries  ;  yet  as  the  fenfe  of  mankind  has  univerfally  in  this, 
as  in  feveral  other  things,  been  in  dired  oppodtion  to  frigid 
reafoning,  and  every  one  has  been  defirous  to  vindicate  the 
fame  of  eminent  men,  by  afeertaining  to  them  the  honour  due 
to  their  labour  or  genius,  I  trud  that  the  following  obferva- 
tions  will  not  be  deemed  unworthy  a  place  in  your  valuable 
Journal. 

1 .  The  experiment  of  the  reflexion  of  cold  has  been,  as  far  Reflection  of 

as  I  know,  both  in  converfation  and  in  printed  books,  uni- co,d  Scribed  t® 

1  .  PiCtst 

tformly  aferibed  to  Mr.  Pi&et  of  Geneva.  Now  in  the  collec- 
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MR  H.  C.  ENGLLFIELD 


It  was  before 
made  by  the 
Acad,  del  Ci- 
mento. 


tion  of  experiments  publiflied  by  the  Academy  Del  Cimenlo, 
of  Florence,  in  the  year  166(5,  the  identical  experiment  i9 
deferibed  in  the  following  words : 


a 


Narrative. 


Ninth  Experiment . 

t(  We  were  defirous  to  try  whether  a  concave  fpeculum, 
expofed  to  a  mafs  of  ice  weighing  500  pounds,  would  refledt 
any  fenfible  degree  of  cold  on  a  very  delicate  thermometer  of 
400  degrees,  placed  in  it  focus.  The  refult  was,  that  the 
thermometer  inflantly  funk  :  but  a  doubt  remained  whether 
the  thermometer  was  acted  on  more  by  the  diredt  cold  of  the 
ice,  or  that  reflected  by  the  fpeculum.  This  doubt  was  re¬ 
moved  by  covering  the  fpeculum  :  and  certain  it  is  (what- 
l'oever  might  be  the  caufe)  that  the  fpirit  inflantly  began  to 
rife  again.  Yet  flill  we  will  not  prefume  pofitively  to  affirm, 
that  this  rife  might  not  have  been  owing  to  fome  other  caufe 
than  the  taking  off  the  refledlion  from  the  fpeculum,  all  the 
precaution^  not  having  been  taken  which  might  be  confidered 
neceffary  to  fecure  abfolute  afient  to  the  experiment. ” — Saggi 
di  Naturah  Efperienze ,  page  176. 

I  do  not  mean  to  atfert  that  Mr.  Piclet  had  feen  this  moll 
excellent  book,  or  that  lie  borrowed  from  it  without  acknow¬ 
ledging  his  obligation  ;  but  the  honour  of  having  firft  made 
the  experiment  is  certainly  due  to  the  Florentine  philofophers. 
It  may  not  be  foreign  from  the  fubject  here  to  obferve,  that 
the  “  Saggi,”  for  perfpicuity,  brevity,  and  that  diffident  cau¬ 
tion  fo  efTential  to  the  invefligation  of  truth,  is  a  model  of 
philofophical  writing,  not  perhaps  excelled  by  any  book  writ¬ 
ten  fince  that  time,  and  more  admirable  when  we  confider 
the  diffufe  and  obfeure  flile  fo  much  in  fafhion  in  the  works 
of  the  learned  at  that  period. 

2.  Scarcely  any  treatife  on  natural  philofophy  has  failed  to 
Cirnent°  faid^m  qUOte  ail  experiment  made  by  the  academicians  Del  Cimento, 

have  comprefTed  on  the  incompreflibility  of  water  inclofed  in  a  globe  of  gold, 

water  in  a  globe  anci  fubmitted  to  the  pretfure  of  a  ferew  prefs.  Mr.  Canton, 

in  his  experiments  on  the  fame  fubjedt,  publiffied  in  the  52d 

vol.  of  the  Phil.  Tranf.  fo  fpeaks  of  it.  You  will  probably  be 

furprifed  when  I  affert,  that  the  academicians  did  not  try  the 

The  globe  was  experiment  with  a  gold  globe,  but  one  of  filver  ;  and  that 

reiver,  and  com- jjiey  give  a  reafon  for  ufing  filver  in  preference  to  gold, 
prefled  by  ham-  ,  ,  ,  ,  rt...  r  ,  ,  r  r  ,  6  ' 

mering.  namely,  that  the  ductility  of  gold  was  lo  great  that  it  would 

extend 


Excellency  of 
their  publica¬ 
tion. 
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extend  its  dimenfions  by  preffure,  and  To  defeat  the  intention 
of  the  experiment.  Neither  was  the  globe  comprefTed  by  a 
machine,  but  merely  by  hammering. 

But  the  honour  of  this  experiment  is  not  due  to  the  Floren-Lord  Bacon  firft 
tine  philofophers,  but  to  our  own  illuftrious  countryman  Lord™^^^  expe' 
Bacon,  who,  in  the  Novum  Organum,  Book  II.  Se6t  45, 
gives  the  very  fame  experiment  on  water  enclofed  in  a  large 
and  flrong  globe  of  lead,  which  being  firfl  compreffied  by  the 
hammer  and  then  by  a  fcrew’-prefs,  the  water  exuded  through 
the  pores  of  the  metal,  and  flood  in  a  dew  on  its  furface. 

The  inaccuracy  with  which  this  experiment  has  been  re¬ 
lated,  though  in  this  cafe  of  no  great  importance,  may  how¬ 
ever  be  an  ufeful  letfon,  and  induce  thofe  who  with  to  attain 
to  truth,  to  trufl  as  little  as  poffible  to  information  at  fecond- 
hand,  but  to  recur  to  the  original  authority  whenever  it  is  prac¬ 
ticable  to  do  fo. 

Before  I  conclude,  permit  me  to  mention  a  curious  circum- Thetelefcopewas 

fiance  relative  to  the  sera  of  the  invention  of  the  telefcope.  .ufed KePler 

r  in  aitronomy, 

AlmofI  all  books  place  it  in  the  year  1609,  and  the  firfl  dif- two  years  before 
coveries  of  Galileo  were  made  in  1610;  yet  Kepler,  in  his  Galileo, 
account  of  the  comet  which  appeared  in  September,  1607, 

(See  Kepler  de  Cometis,  page  25)  exprefsly  dates,  that  though, 
to  the  naked  eye,  it  was  only  equal  to  certain  fixed  liars  near 
it,  yet,  when  viewed  with  telefcopes  (perfpicillis) ,  it  ap¬ 
peared  larger  than  thofe  flars. 

Although  the  intercourfe  between  the  different  nations  of  Remarks  on  the 

Europe  w7as  at  that  time  much  lefs  than  it  now  is,  it  is  very  Pr0Sre^s  °f 

*  .  .  J  covery,  &c. 

difficult  to  fuppofe  that  Galileo  ffiould  not,  in  upwards  of  two 
years,  have  heard,  not  only  of  the  invention,  but  its  applica¬ 
tion  to  celeflial  obfei  vations  by  a  man  fo  eminent  in  fcience 
as  Kepler:  and  it  is  fcarcely  lefs  extraordinary  that  Kepler 
himfelf  ffiould  not,  in  that  fpace  of  time,  have  foretlalled  Ga¬ 
lileo  in  fome  of  thofe  dilcoveries  which  rendered  his  name  fo 
illuflrious  ;  for  however  imperfect  Kepler’s  telefcope  might 
be,  it  is  hardly  poffible  that  it  could  have  failed  to  (liew  him 
the  fatellites  of  Jupiter,  which  are  vifible  to  the  commonetl 
opera  glafs. 

I  am.  Sir, 

Your  obedient  fervant, 

•  H.  C.  ENGLEFIELD. 

Tilney  Street ,  Nov,  30,  1804. 
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EGYPTIAN  SCULPTURE, 


Ramfden  was  P<  S.  I  beg  leave  to  add,  that  the  machine  for  drawing'  in 

a^te lTfcopkp e f  perfpe&ive>  defcribed  in  your  Journal  for  October,  page  122* 
I’pedVive  inftru-  was  (I  am  almoft  abfolutely  certain)  the  invention  of  the  late 
nient  referred  to.  n)0ft  eminent  Mr.  Ramfden,  and  was  made  by  him  full  ‘25 
years  fince,  for  the  Right  Honourable  Charles  Greville. 


II. 

Account  of  an  ancient  Egyptian  Sculpture  ziith  Hieroglyphics , 
fuppofed  to  relate  to  Ajlronomy .  In  a  Letter  from  Mr, 

H .  Stein hauer.  With  an  Engraving. 


To  Mr.  NICHOLSON. 


SIR,  Fulneck,  061.  25,  1804. 

Porphyry  fculp-  ^  ERHAPS  the  liberty  that  I  take  in  fubmitting  the  annexed 
turHm  the  form  draught  of  an  Egyptian  antiquity,  may  be  an  intrufion  upon 
and  bearing  hie-  ^ie  P^an  of  your  valuable  Journal.  The  Egyptian  hieroglyphic 
toglyphics.  inscriptions  are  involved  in  fuch  impenetrable  da-rknefs,  that 
every  trifle  contributed  to  their  elucidation  cannot  but  be  ac¬ 
ceptable*  indeed  equally  acceptable  to  the  antiquarian,  the 
hiftorian,  and  the  aftronomer ;  fince  the  greater  part  have  pro¬ 
bably  a  reference  to  that  fcience.  Stones  fculptured  in  the 
fliape  of  a  fcarabacus  are,  I  believe,  (for  I  make  no  preten¬ 
sions  to  the  title  of  an  antiquarian)  well  known;  there  are  a 
few  in  the  Britith  Mufeum  ;  but  I  never  yet  favv  either  a  fac- 
fimile  of  the  inferiplion,  or  any  attempt  at  an  explanation  of 
the  lame.  The  drawings  inclofed  are  taken  from  a  done 
brought  by  tlie  Swedish  conful  at  Aleppo  to  Stockholm,  and 
there  prefented  by  him  to  a  gentleman,  who  has  favoured  me 
with  the  loan  and  permifiion  to  make  drawings  or  imprefliona 
of  it  at  pleafure.  The  upper  part,  of  the  fize  of  the  iketch, 
obvioufly  reprefents  a  fcarabams;  probably  the  S.  Sacer,  Lin# 
&:  Fabr.  though  the  indentures  on  the  head  are  but  flightly 
marked,  and  a  flight  damage  betw’een  the  thorax  and  elytra 
render  it  impoflible  to  difeover  whether  a  (cutellum  be  indi¬ 
cated  or  not.  It  was  perhaps  the  only  beetle  they  reprefented 
in  fculpturc,  and  the  accuracy  of  a  modern  nomenclator  is 
confequenlly  unneceflary  to  determine  it.  If  I  recolleft  right, 

this 


EGYPTIAN  SCULPTURE. 


this  beetle  was  made  ufe  of  as  a  fymbol  of  the  annual  rotation  Porphyry  fculp- 
of  the  fun.  The  under  fide  is  flat,  or  (lightly  convex,  perhaps  of^V'arab^u™ 
from  wear,  and  bears  eight  lines  of  hieroglyphics,  probably  and  bearing  hie- 
referring  to  the  change  of  the  feafons.  The  drawing,  made1’0®1^^* 
with  the  greateft  accuracy  from  an  impreflion  in  fealing-wax, 
is  confequently  inverted.*  Should  you,  fir,  or  any  of  your 
friends,  with  for  one  to  prove  the  exadlnefs  of  the  draught, 
it  is  very  much  at  your  fervice.  The  (lone  itfelf  is  apparently 
a  Ipecies  of  porphyry,  the  ferpeniino  vtrdt  antico,  of  a  gre^ti 
mafs,  with  very  dark  green  field-fpar,  and  pale  green  indifl* 
iiudi  flripes.  The  plainnefs  of  the  infcription,  and  the  tame 
lymbol  occurring  feveral  times  upon  it,  led  me  to  fulpedt,  that 
it  would  be  no  very  difficult  talk,  for  fuch  as  are  verfant  .in 
antiquities  of  the  kind,  to  difcover  fomewhat  of  its  purport; 
and  being  confcious  of  its  value,  I  was  unwilling  to  let  it  lie 
by  me,  without  offering  it  to  the  attention  of  fuch  as  are 
more  deeply  interefted  in  it.  Your  with  to  promote  the  arts 
and  fciences,  which  fo  obvioutly  pervades  your  efleemed 
Repoftlory,  makes  me  hope  that  you  will  excufe  mine,  in 
cafe  the  fubjeft  fliould  not  lie  admiflible  into  your  Publi¬ 
cation. 

i  remain.  Sir, 

S 

Your  obedient  humble  fervaut, 

PI.  STEINHAUER. 

P.  S.  Is  the  carbonate  of  barytes  a  frequent  Britifli  mineral,  Native  carbonate 

except  at  Chorly  ?  If  not,  it  may  perhaps  be  intereftine  in.of  barytes,  and 
.  .  ,  •  -  r  i  •  ,  .  .  _  °  oxide  of  zinc, 

formation,  that  it  is  round  in  very  large  quantities  near  Murton 

in  Cumberland,  and  fome  other  places  of  the  vicinity.  The 
native  oxide  of  zinc,  fcarcely  interior  to  the  flowers  of  zinc 
of  the  (hops,  I  do  not  recolledi  to  have  feen  mentioned.  It 
is  found  in  one  part  of  the  Weft  Riding  of  York  (hire,  in  con¬ 
siderable  quantities.. 


*  The  engraver  having  followed  the  drawing  upon  the  copper, 
■our  pript  is  not  inverted. — N. 
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cadet’s  fuming  liquor. 


Hiftory  of  the 
difcovery  of 
Cadet’s  fuming 
liquor,  &c. 


Method  of  ob¬ 
taining  it. 
Diftillation  of 
acetite  of  potaih 
and  arfenious 
acid. 


Rcfidue. 


The  liquid  pro- 
dudl  confifts  of 
two  diftind;  Aid 
ids, 


III. 


Extract  of  a  Memoir  on  the  fumin'*  Liquor  of  Cadet. 

By  Cit.  Thenard.* 

Cadet  difeovered  this  liquor  near  half  a  century  ago,  in^ 
making  inveftigations  on  arlenic.  The  name  of  its  author  was 
given  to  it  then,  which  it  has  retained  ever  tince,  becaufe  its 
intimate  nature  and  conflituent  principles  were  unknown. 
The  thick  fmoke  which  this  fingular  produdt  fpreads  through 
the  air,  its  fpecific  gravity,  greater  than  that  of  water,  its 
oily  ftate,  its  great  volatility,  its  powerful  odour,  its  fponta- 
neous  inflammation  in  the  air,  obferved  by  Cadet  and  the 
chemifls  of  Dijon  ;  in  fine,  all  its  properties,  e^ch  more  ex¬ 
traordinary  than  the  other,  induced  Cit.  Thenard  to  fubjedt  it 
to  analyfis. 

lie  began  by  procuring  feveral  ounces  of  this  liquor,  by 
diflilling,  according  to  Cadet’s  procefs,  equal  parts  of  acetite 
of  potafli  and  arfenious  acid,  tlie  produce  of  which  he  received 
in  glafs  globes,  cooled  with  a  mixture  of  ice  and  marine  fait. 
A  liquor,  very  little  coloured,  and  fmelling  flrongly  of  garlic, 
foon  patted  into  the  receivers;  at  the  fame  time  much  gas  was 
difengaged,  which  fpread  the  fame  odour,  and  the  receivers 
were  filled  with  vapours,  fo  heavy  that  they  feemed  to  run 
like  oil.  When  the  operation  w'as  terminated,  he  unluted 
the  apparatus,  and  broke  the  retort.  The  bottom  of  it  was 
covered  w'ith  a  white,  acrid,  and  alkaline  fubftance  of  pot¬ 
afli,  ariflng  from  the  acetite  employed  ;  and  the  neck  wras 
lined  with  cryftals  of  arfcnic,  owing  to  the  reduction  of  the 
arfenious  acid.  The  gates,  the  quantity  of  which  was  very 
great,  contained  arfeniated  hidrogen,  in  addition  to  the  car¬ 
bonated  hidrogen  and  carbonic  acid,  given  by  all  vegetable 
matters  which  are  decompofed  by  fire.  The  liquid  produdt 
was  compofed  of  two  very  diftindt  flrata,  holding  metallic  ar- 
fenic  in  folution,  which  was  not  long  before  it  was  depofited 
in  flakes  ;  the  upper  one  was  of  a  brownifli-yellow  and  aque¬ 
ous,  the  lower  one  was  lefs  coloured,  and  of  an  oily  appear¬ 
ance.  He  feparated  them,  by  pouring  them  into  a  tube  drawn 
to  a  point  by  the  lamp,  which  allowed  him  to  receive  them 


*  From  Bulletin  des  Sciences,  Tom,  III.  p,  002, 
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in  different  veffels.  The  heavieft,  as  being  the  moft  ufeful  to  Examination  of 
be  known,  was  firff  examined.  At  the  commencement  he  t^ie  heavieft. 
was  afleded  by  the  thick  vapours  which  it  difperfes  through 
the  air,  and  by  its  extremely  penetrating  and  horribly  fetid 
odour.  Its  action  on  the  animal  economy  is  fo  powerful,  that  It  powerfully  af- 
he  found  it  impoffible  to  devote  more  than  one  hour  in  a  day  ^ai  economy! 
to  his  enquiries,  and  he  was  more  than  once  tempted  to  aban¬ 
don  them.  He  was  in  the  fame  dale  as  if  he  had  taken  a 
ftrong  medicine,  and  experienced  ftupefying  effeds ;  againtl 
which  he  employed  fulphurated  hidrogen  dilfolved  in  water, 
with  fuccefs. 

As  he  had  but  a  fmall  quantity  of  the  liquor  at  his  difpofal,  Order  of  the  in- 
and  it  was  of  importance  that  his  attempts  fhould  not  be  fruit-  ve^Sati°n* 
lefs,  lie  regulated  the  order  of  his  enquiries  in  this  manner: 

He  firff  determined  the  caufe  of  the  odour  which  it  fpreads 
through  the  air;  then  he  fought  for  that  of  the  thick  vapours 
which  it  produces,  and  afterwards  that  of  its  Ipontaneous  in- 
ilammation;  and  he  made  ufe  of  the  determination  of  thefe 
three  points  to  difcover  the  fourth,  and  moft  important,  the 
conftituent  principles  of  the  fubftance. 

The  odour  could  only  proceed  from  the  fubftance  itfelf,  Caufe  of  the 
or  elfe  from  an  elaftic.  fluid  which  it  might  hold  in  folution,  oJour* 
and  which  the  author  fuppofed  to  be  arfemated  hidrogen.  He 
therefore  di Allied,  with  great  care,  a  certain  quantity  of  the 
liquor  in  a  fmall  glafs  retort,  to  which  were  adapted  a  re¬ 
ceiver  and  a  tube  tor  collecting  the  gafes.  He  obtained  no- The  liquor  was 

thing  but  the  air  of  the  veffels  ;  the  liquor  was  entirely  vola-  “nnc.,,an.sed 

.  .  ....  '  diftillation. 

tiiized,  and  palled  into  the  receiver  without  having  undergone 
any  alteration,  except  that  its  colour  was  not  quite  fo  deep. 

Hence  the  odour  of  the  arfenical  liquor  is  owing  to  its  pro¬ 
perty  of  being  volatilized,  and,  probably,  dilfolved  in  the  air. 

The  caufe  of  its  vapours  could  only  be  owing  to  an  ab-  Its  vapour  is  oo 
forption  of  oxigen,  or  to  an  abforption  of  the  water  dilfolved  c^?on^  hy^an 
in  the  air,  or  to  both  thefe  effects  at  the  fame  time.  The  air  jgen  and  water, 
of  a  flalk,  into  which  Cit.  Thenard  had  poured  a  few  drops, 
immediately  loft  its  tranlparency,  and,  in  a  Ihort  time,  be¬ 
came  incapable  of  fupporting  the  combuftion  of  a  taper.  A 
velfel  of  the  fame  fize,  filled  with  carbonic  acid,  offered  the 
fame  phenomena,  but  in  a  lefs  diftind  manner.  To  guard 
againft  the  contad  of  the  air,  he  had  been  careful  to  fufpend 
a  very  thin  tube,  containing  the  liquor,  to  the  cork  of  the  flalk, 

fo 
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It  muft  there¬ 
fore  contain  ar- 
fenic. 
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fo  that  he  could  eafily  break  it  againft  the  Tides  of  the  vefleT. 
The  vapours  were  not  perceptible  when  he  ufed  carbonic  acid 
perfeftly  dried;  whence  he  concluded,  that  the  vapours  of 
the  arfenical  liquor  are  owing  to  an  abforption  of  the  oxigen 
and  the  water  contained  in  the  air  jointly,  but  that  the  firft  of 
thefe  caufes  feerns  to  be  more  powerful  than  the  fecond. 

Its  property  of  From  this  it  ftiould  feem  that  the  arfenical  liquor  is  poflefled 
inflaming  fpon-  qie  pr0peru,  0f  inflaming  alone.  It  does  not  however  take 

ing  to  metallic  nre  at  the  approach  of  a  body  in  combuftion,  when  it  is  very 
arfenic.  pure;  and  it  is  obferved,  that,  in  all  the  fpontaneous  inflam¬ 

mations  which  it  experiences,  the  combuftion  always  begins 
at  the  black  (peeks  which  difturb  its  tranfparency,  and  are 
only  metallic  arfenic  very  much  divided. 

It  now  remained  to  determine  the  nature  of  the  arfenical 
liquor.  Its  odour,  which  refembles  arfeniated  hidrogen  gas, 
indicated  that  it  muft  contain  arfenic,  and  that  this  metal 
muft  have  great  influence  on  the  phenomena  w'hich  it  offers: 
Its  combuftibility,  its  confidence,  and  its  appearance,  indi, 
an  oily  matter,  cated  an  oily  matter;  and,  although  it  did  not  change  the 
timfture  of  turnfole,  and  no  re-agent  demonftrated  immedi- 
and  acetous  acid;  ately  the  exiftence  of  acetous  acid,  this  bodymuftneverthe- 
but  this  was  not  lefs  be  expeded  in  it.  To  fucceed  in  infulating  thefe  differ- 
indicated  by  al-t  erq  fubftances,  the  author  tried  the  alkalies;  but  experience 

|^>g  ^  •  «  - 

foon  convinced  him  that  he  muft  have  recourfe  to  other  means. 
Oxigenated  mu-  He  employed  the  oxigenated  muriatic  acid  with  much  greater 
liatic  acid  de-  fuccefs.  Some  drops  of  the  liquor,  poured  into  this  gas,  were 
inftantly  inflamed,  and  their  decompofition  was  Complete. 
They  were  then  precipitated  in  white  flocks  by  lime-water, 
and  in  yellow  ones  by  lulphurated  hidrogen ;  while,  on  being 
faturated  with  potafli  and  evaporated,  thev  formed  a  foliated 
fait,  ftrongly  attra&ing  the  humidity  of  the  air,  acrid,  (harp, 
decompofable  by  fulphuric  acid,  and  difengaging  a  ftrong 
odour  of  vinegar.  The  quantity  of  arfenic  and  of'  acetous 
acid  obtained,  being  far  from  correfponding  with  the  quantity 
of  liquor  which  had  been  ufed,  there  muft  therefore  have  been 
another  body  in  it  which  it  was  requifite  to  inlulate,  and  this 
water,  decom-  vvas  accompliflied  by  treating  a  new  portion  of  the  liquor  with 
rated  hfdrogcn^  a  quantity  of  water  fufficient  to  diflolveit;  then  on  decom- 
yi elded  fulphur,  poling  it  by  fulphurated  hidrogen,  it  yielded  a  precipitate, 
connin^ng^ce-  yellow,  very  much  divided,  formed  principally  of 

tous  acid.  arfenic  and  fulphur,  which  was  a  conliderable  time  in  fepa- 

rating 


compofed  it. 


Formed  a  foli¬ 
ated  fait  with 
tjotafh* 


Its  folution  in 


cadet’s  fuming  liquor. 


9 


> 


rating  from  an  oiIy  which  was  afterwards  feen  fwimming  on 
the  (urface  of  the  liquor.  This  contained  a  great  deal  of 
acetous  acid.  Its  decompofition  may  be  further  facilitated 
by  expofing  it  to  the  air;  then  it  emits  thick  vapours,  it  is 
cryftallized,  and  becomes  {lightly  humid.  It  is  rendered  tur¬ 
bid  by  lime-water,  and  yields  a  yellow  precipitate  with  ful- 
phurated  hidrogen. 

From  thefe  different  experiments  it  follows,  that  this  liquor  Competition  of 

is  compofed  of  oil,  acetous  acid,  and  arlenic,  nearly  in  a  me-  tae  heavieft  li- 
1  .  J  quor. 

tallic  hate;  and  that  it  mufl  be  confidered  as  a  fpecies  of 

.  foap,  with  a  bale  of  acid  and  arfenic,  or  as  a  fort  of  oleo- 
arfenical  acetite. 

This  analyfis  was  very  ufeful  in  that  of  the  upper  liquor.  The  upper  fluid 

In  fact,  notwithftanding  the  difference  which  feems  to  exit!  rr°rn  the 

h  ,  lower,  only  by 

between  them,  iince  the  latter  refembles  water,  can  combine  having  a  larger 

with  it  in  all  proportions,  forms  only  a  flight  cloud  in  the  at-  ProPortlon  of 

r  t  i  .  .  .  a  .  acetous  acid  ani 

rnolphere,  lias  much  lels  odour,  and  does  not  inflame  in  any  water. 

cafe,  it  is  eafy  to  prove  that  it  only  differs  from  the  firth  by  its 
greater  proportion  of  acetous  acid,  and  by  the  water  which  it 
contains;  for  it  reddens  the  tincture  of  turnfole  llrongly,  effer- 
vefees  with  the  carbonates,  gives  rife  to  acetites,  and  is  (lightly 
precipitated  of  a  yellow  colour  by  fulphurated  hidrogen,  which 
Separates  a  little  oil  from  it.  A  very  fmall  quantity  of  oxigen- 
ated  muriatic  acid  fpeedily  deftroys  the  odour,  and  it  is  then 
precipitated  while  by  lime-water,  and  of  a  deep  yellow  by 
the  hidro-fulphurets.  Expofure  to  the  air  produces  in  it,  by 
time,  the*  lame  changes  as  take  place  immediately  with  ox¬ 
ygenated  muriatic  acid.  Finally,  a  liquor,  exadlly  fimilar,  is 
formed  by  diffolving  a  few  drops  of  the  lower  liquor  in  very 
weak  vinegar,  and  thus  fynthefis  confirms  the  refults  of 
analyfis. 

We  can  now  eflablifh  a  theory,  clear  of  all  hypothecs,  on  Theory  of  the 
the  phenomena  offered  by  the  diflillation  of  acetite  of  potafli  Facets, 
and  arfenious  acid  ;  we  fee  that  one  part  of  the  arfenious  acid 
is  entirely  reduced  ;  that  another  is  only  brought  near  the  me¬ 
tallic  ftale;  that  the  acetite  of  potafli  is  totally  decompofed  ; 
that  almoft  all  the  acetous  acid  is  alfo  decompofed  ;  and,  that  Component  parts 
irora  thefe  different  decompofitions  refalt  water,  carbonated  °/ the  fuming 
hidrogen,  arfeniated  hidrogen,  carbonic  acid,  a  peculiar  oil,  1'CiJOr‘ 
oxide  of  arfenic,  arfenic,  and  potafli ;  that  the  potafli  forms 
the  white  refidue  found  in  the  veffels  in  which  the  diftillation 


was 
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Succinate  of 
•cerium. 


Gallate  of  ceri 
um. 


was  performed  ;  that  the  arfenic  fublimed,  and  adheres  to 
the  neck  of  the  retort  ;  that  the  three  different  fpecies  of  gas 
are  mixed,  and  may  be  collected  in  flalks ;  finally,  that  the 
water,  the  oil,  the  acetous  acid,  and  the  oxide  of  arfenic,  are 
condenfed  in  the  receiver ;  that  thefe  three  laft  bodies,  by 
combining  in  certain  proportions,  form  a  very  volatile  com¬ 
pound,  heavier  than  water,  and  fparingly  foluble  in  it ;  and 
that  it  is  for  this  reafon  that  it  feparates  into  two  very  diftincl 
ffrata ;  the  lower  of  which  muff  be  confidered  as  an  oleo-arfe- 
nical  acetite,  and  the  other  as  a  portion  of  the  firfi:  dififolved  in 
water,  which  folution  is  promoted  by  an  excefs  of  acetous 
acid. 


IV.- 

Account  of  Cerium ,  a  new  Metal  found  in  a  mineral  Subjlancc 
from  Bajlnaa,  in  Sweden.  By  W.  D’Hesinger  and  J.  B. 

JBergelius. 

(Concluded  from  Page  300,  Vol.  IX.) 

With  Succinic  Acid . 

X P 0  A-  r  firfi,  fuccinic  acid  renders  the  faturated  folutions 
of  cerium  turbid,  but  afterwards  they  become  clear.  Thus, 
a  few  drops  of  fuccinate  of  ammonia,  poured  into  a  faturated 
nitric  or  muriatic  folution  of  this  metal,  occafion  a  precipitate, 
which  foon  difappears.  On  pouring  in  a  greater  quantity  of 
this  re-agent,  the  fuccinate  of  cerium  is  immediately  depofited. 
This  combination  is  white;  it  is  not  wholly  infoluble  in  water, 
fince  the  folution  from  which  it  was  feparated  dill  retains  a 
little,  as  is  manifeffed  by  evaporation,  or  by  alkalies.  The 
fait  obtained  by  digefiing  free  fuccinic  acid  with  the  oxide, 
comports  itfelf  in  the  fame  manner.  The  acid  diffolves  it 
readily,  Expofed  to  the  fire,  it  burns  with  a  blue  flame. 

Since  the  acetate  of  cerium  is  not  precipitated  by  the  fucci¬ 
nate  of  ammonia,  this  is  a  certain  means  of  obtaining  the  ce¬ 
rium  freed  from  iron.  j 

With  Gallic  Acid. 

(& .)  If  cryfiallized  gallic  acid  isput  into  a  faturated  folution 
of  muriate  of  ferium,  a  fmall  quantity  of  a  white  precipitate 

is 


ACCOUNT  OP  CERIUM. 


11 


is  formed.  The  alkalies  augment  it,  and  give  it  a  clear  cho¬ 
colate  colour.  If  a  larger  quantity  of  alkali  is  gradually  added, 
the  quantity  of  the  precipitate,  and  the  intenfity  of  its  colour 
are  increafed  ;  in  proportion  as  this  addition  is  made,  the  pre¬ 
cipitate  becomes  of  a  reddifli  brown,  and  at  length,  by  expo- 
lure  to  the  light,  gives  a  turbid,  deep  green  folution. 

With  Prujfic  Acid . 

(It.)  The  faturated  folutions  of  cerium  are  precipitated  tt-nfliatc  of  ce* 
white  by  the  prufliates.  The  voluminous  precipitate  has  much  rium* 
refemblance  to  filver  precipitated  by  muriate  of  foda.  An  ex- 
cefs  of  acid  readily  diflolves  this  precipitate. 

Oxide  of  Cerium  with  Sulphurated  Hidrogen. 

(S.)  At  the  commencement,  the  faturated  folutions  of  ce-  Hydro- fulphuret 

r 

rium  are  precipitated  of  a  brownifh  colour  by  hidro-fulphuretor  ceuum* 
of  ammonia  ;  but  if  more  of  this  re-agent  is  added,  the  precipi¬ 
tate  is  of  a  deep  green.  The  muriate  of  cerium  alone  takes 
a  deep  green  colour,  but  if  an  alkali  is  added  to  it,  an  hidro- 
lulphurated  combination  of  muriate  of  cerium,  at  a  minimum 
of  oxidation,  is  formed,  which  is  rapidly  precipitated  of  a 
bright  green  colour. 

The  hidro-fulphurated  cerium,  well  dried,  has  a  deep  green 
colour,  almoft  black.  It  is  eafily  deftroyed  by  heat ;  put  into 
a  crucible,  moderately  hot,  it  burns  with  a  yellowifh,  phofpho- 
ric  flame,  only  viflble  in  the  dark. 

Sulphurated  Oxide  of  Cerium. 

(T.)  The  fulphuret  of  ammonia  gives  a  fading  brown  pre- Sulphurated  ox- 
cipitate  with  the  folutions  of  cerium.  This  fulphuret,  added  cer*um* 
in  excefs,  gives  a  precipitate  of  a  grafs  green,  which  becomes 
bright  green  by  deliccation  :  it  burns  with  a  blue  flame  and  the 
pure  oxide  remains. 

The  muriate  of  cerium  at  a  minimum  is  precipitated  white  by 
fulphuret  of  ammonia. 

Oxide  of  Cerium  with  Phofphorus. 

(U.)  A  piece  of  pure  phofphorus  was  put  into  a  folution  Phofphate  efce- 
ot  muriate  of  cerium  contained  in  a  clofed  veflel,  and  kept  fornum* 
feverai  days  on  a  flove.  The  bottom  and  fides  of  the  veflel 
were  covered  with  a  white  precipitate,  and  the  piece  of  phof¬ 
phorus 
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Iron  or  zinc  do 
not  precipitate 
the  folutions  of 
cerium. 

Adtion  of  gal- 
van  ilm. 


0\;gen  gas. 


phorus  was  covered  with  a  hard  brown  cruft,  from  which  tha 
phofphorus  was  feparated  by  heating  it  in  warm  water.  This 
cruft  was  tenacious,  and  fhining  in  the  dark.  Heated,  it  took 
fire  like  pholphorus,  and  left  a  refidue  of  a  fmall  quantity  of 
oxide,  which,  on  being  melted  with  borax,  exhibited  the 
charaders  deferibed  above,  except  that  the  globule  retained 
its  clear  green  colour,  after  being  cooled.  It  appears  pro¬ 
bable  that  tjiefe  phenomena  arofe  from  the  photphorus  con¬ 
taining  cerium.  Hut  the  phofphortis,  kept  tor  a  month  in  the 
fame  tolution,  flow Iy  depofi ted  a  white  powder;  whence  it 
is  uncertain  whether  the  formation  of  the  cruft,  mentioned 
above,  was  owing  to  the  cerium.  The  acid  was  always  in 
excefs  in  the  folution,  and  the  white  powder  had  all  the  ap¬ 
pearance  of  phofphate  of  cerium. 

With  the  Alkalies. 

(V.)  The  pure  alkalies  do  not  ditlojvc  cerium,  even  by 
fulion.  By  this  means  it  is  eafily  deprived  of  manganefe. 
Pure  ammonia  digefted  with  the  oxide,  does  not  dilTolve  it, 
but  renders  it  yellowifh. 

The  carbonated  alkalies  diffolve  the  oxide  of  cerium  in  fmall 
quantity.  The  folution  is  yellow',  and  is  precipitated  by  the 
acids.  They  alfo  diifoive  it  by  tufion  in  covered  vefleis.  In 
the  open  fire,  it  oxides  too  much  to  enter  into  folution. 

The  folutions  of  cerium  are  not  precipitated  by  iron  or 
zinc. 

The  eleftric  pile  of  Volta  only  decompofes  the  falts,  and 
the  yellow  oxide  adheres  to  the  condudlor. 


V. 

A 

New  Experiments  on  Jhforption  by  Charcoal,  made  by  Means  of 
a  ik iv  Machine .  By  C.  L.  Morozzo. 

(Concluded  from  P.  264  Vol.  IX.) 

On  Oilmen  Gas , 

2.5th.  1  NEXT  proceeded  to  the  examination  of  the  abforp,- 
tion  by  charcoal  in  oxigen  gas. 

I  therefore  extracted  feme  oxigen  gas  from  red  precipitate 
to  be  employed  in  my  different  experiments.  Of  this  gas, 

trie 
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tried  with  charcoal  in  my  machine,  eight  inches  and  fix  line's  Oxigen  g*s. 
were  abforbed  :  this  great  abforption  furprized  me  ;  ‘or  in  my 
fi i fl  experiments,  in  1783,  made  in  clofed  tubes.  I  had  had 
but  a  very  (mall  one:  I  therefore  found  no  difficulty  in  atlr  •- 
bating  it  to  my  matrafs  having  been  melted  towards  the  dote 
of  the  operation,  which  made  me  lufpect  that  my  gas  had 
been  fpoiled  by  the  nitrous  acid ;  and  I  repeated  the  experi¬ 
ment  with  great  care. 

26th.  I  then  took  oxigen  gas  which  had  been  obtained  from 
red  precipitate  with  great  attention,  and  had  been  prepared 
in  the  laboratory  of  Dodor  Bonvoifiil ;  what  was  my  aftoni (fo¬ 
ment  at  obferving  that,  in  thirty-fix  hours,  the  abforption 
amounted  to  twelve  inches  and  eight  lines,  and  that  it  conti¬ 
nued  for  feveral  days  :  in  forty-eight  hours  it  was  fourteen 
inches  fix  lines ;  in  four  days,  fifteen  inches  two  lines ;  in  five 
days,  fixteen  inches  four  lines;  and,  finally,  in  three  days 
more,  the  gas  was  entirely  abforbed. 

27th.  This  experiment  was  too  interefling  to  omit  repeat¬ 
ing  it  with  the  grealelf  podible  precifion, 

I  therefore  took  fome  of  the  fame  oxigen  gas,  and  the  ab¬ 
forption  was  twelve  inches  three  lines  in  the  fi r fl  four  hours  ; 
in  forty-eight  hours,  it  was  thirteen  inches  fix  lines;  in  three 
days,  fourteen  inches  five  lines;  at  the  end  of  the  fourth  dav, 
it  was  fifteen  inches  three  lines?  of  the  fifth,  fixteen  inches; 
oftbefixth,  fixteen  inches  feven  lines ;  of  the  fevenlh,  feven- 
teen  inches  two  lines;  finally,  on  the  eighth  day  the  gas  vva3 
entirely  abforbed. 

28th.  I  repeated  the  fame  experiment  on  oxigen  gas  ob¬ 
tained  from  water  expofed  to  the  fun,  in  which  I  had  pub 
three  ounces  of  charcoal-powder  *;  in  this  gas,  which  was 
very  pure,  the  abforplions  took  place  in  the  fame  manner. 

29th.  Thefe  fads  will  furprife  thofe  who,  having  made 
their  experiments  on  oxigen  gas  in  tubes  clofed  hermetically, 
and  by  paffing  the  charcoal  through  the  mercury,  obtained 
only  very  (mall  ablorptions,  which  never  exceeded  three  inches 

*  In  the  twelfth  volume  of  the  Italian  Society,  I  have  inferted  a 
memoir  on  the  property  which  charcoal  mixed  with  water  has  of  de¬ 
veloping  one-third  more  of  oxigen  gas,  of  a  fuperior  quality  to  that 
obtained  from  pure  water:  In  this  memoir  I  prove,  that  a  part  of 
this  oxigen  gas  is  produced  by  the  charcoal,  which  communicates 
the  principle  of  fire  to  the  air  contained  in  the  water.  * 


tfore* 
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Oxigen  gas.  three  lines  in  tubes  of  twelve  inches  in  height.  I  am  cer¬ 
tainly  not  miftaken  ;  and  M  M.  Rouppe  and  Van-Norder, 
who  have  repeated  my  experiments  in  their  apparatules,  have 
obtained  the  fame  refults,  and  have  found,  as  I  did,  that, 
next  to  hidrogen,  oxigen  gas  is  that  which  is  leaf!  abforbed 
by  charcoal.* 

30th.  I  muft  not  pafs  over  a  lingular  experiment,  the  ex¬ 
planation  of  which  will  alfo  be  very  difficult. 

I  examined  the  abforption  which  a  piece  of  charcoal,  that 
had  remained  feven  hours  in  the  bright  light  of  the  lun,  had 
effected  in  the  fame  oxigen  gas ;  it  was  only  between  feven 
and  eight  lines,  while  a  fimilar  piece,  which  had  been  only 
five  hours  in  the  folar  light,  produced  an  abforption  of  ten 
inches  three  lines  in  carbonic  acid  gas. 

It  muft  be  obferved,  that  a  piece  of  charcoal  expofed  to 
the  light  of  the  fun  and  placed  in  oxigen  gas,  produced  only 
an  abforption  of  feven  or  eight  lines,  juft  like  the  abforption 
of  a  piece  which  had  been  expofed  to  the  fun’s  light,  and 
placed  in  hidrogen  gas,  which  gave  only  an  abforption  of  fix 
lines :  and,  in  this,  thefe  refults  are  perfe&ly  conformable  to 
my  experiments,  made  in  the  year  1783. 

3lft.  This  difference  of  the  refults  is  therefore  only  owing 
to  the  method  either  of  pafting  the  charcoal  under  the  mercury, 
or  of  leaving  it  in  the  machine.  It  appears  that,  by  pafting 
it  through  the  mercury,  the  charcoal  lofes  much  of  its  attrac¬ 
tive  power,  which  it  retains  in  the  machine. 

Let  us  endeavour  to  find  whether  thefe  differences  can  be 
accounted  for. 

32d.  It  might  be  fuppofed  that  the  red-hot  charcoal  in¬ 
flames  the  oxigen  gas;  but  fince  I  do  not  open  the  key  until 
fome  time  after  the  charcoal  has  been  inferted,  it  does  not 
appear  to  me  to  be  likely  that  the  gas  can  be  inflamed  :  befides, 
if  this  were  the  cafe,  the  abforption  w-ould  be  made  at  once, 
and  it  would  not  require  eight  days  to  be  complete. 

33d.  It  might  be  fuppofed  that,  in  this  cafe,  the  charcoal 
fupplied  hidrogen  gas,  which,  mixing  with  the  oxigen  gas 
and  producing  water,  would  caufe  the  abforption  :  but  during 
the  whole  experiment  there  was  not  the  fmalleft  drop  of  water 
perceived  in  the  tube. 


*  Ann.  de  Chimie, 
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34th.  There  might  be  reafon  to  believe  that  the  charcoal, 
by  inflaming  the  oxigen  gas,  might  convert  it  into  carbonic 
acid  gas,  which  is  the  mod  abforbed  of  all  the  gates  ;  but  to 
fatisfy  myfell  of  this,  I  produced  an  abforption  of  oxigen  gas 
by  a  piece  of  charcoal,  as  in  the  former  experiments :  in 
twenty-three  hours  it  amounted  to  twelve  inches,  then  with 
a  fyringe  of  crydal  I  palled  fome  lime-w'ater  through  the  mer¬ 
cury  into  the  remaining  gas,  and  it  did  not  become  turbid, 
which  proves  that  carbonic  acid  was  not  formed  ;  and,  having 
turned  up  the  tube,  the  refidual  gas  exlinguifhed  a  taper  :  I 
believe  it  to  have  been  azote. 

33th.  I  was  of  opinion  that  incandefcent  charcoal  would 
abforb  more  than  another  piece  w  hich  had  been  buffered  to 
cool  till  it  no  longer  appeared  red.  Experiment  fhews  a 
greater  abforption  in  the  fird  for  twenty-four  hours;  but, 
leaving  the  apparatus  undidurbed,  in  two  days  the  abforption 
became  equal.  I  operated  upon  atmofpheric  air. 

36th.  I  mud  acknowledge  my  inability  to  give  an  expla¬ 
nation  of  thefe  lingular  experiments,  as  I  have  already  de¬ 
clared  above  :  wrere  I  to  hazard  any  conjectures,  they  would 
probably  be  overturned  by  new  theories,  which  do  not  fpare 
even  the  labours  of  the  greated  chemids  in  France. 

37th.  I  (hall  therefore  continue  my  operations  as  I  pro- 
pofed,  and  new  experiments  will,  at  lead,  fupply  the  want 
of  fydems. 

On  the  Difference  in  the  Charcoals  made  ufe  of. 

38th.  Having  afeertained  the  abforptions  effected  by  the  Difference  in  the 
charcoal  of  beech  wood  in  atmofpheric  air  and  in  the  different  c"arc°a!s  madc 
gales,  I  proceeded  to  examine  the  variations  which  the  char¬ 
coals  of  different  woods  would  produce  in  them. 

39th.  I  therefore  took  two  pieces  of  charcoal,  the  one  of 
beech,  the  other  of  the  branches  of  fallow  deprived  of  bark;  Charcoal  of  fal- 
I  introduced  them  both  in  an  incandefcent  date,  and  exa-low» 
mined  the  difference  of  their  abforption  in  the  fame  atmo¬ 
fpheric  air. 

That  of  beech  gave  an  abforption  of  feven  inches  and  eight 
lines  in  fix  hours. 

That  of  fallow'  gave  only  an  abforption  of  four  inches  and 
three  lines,  and  there  was  no  further  abforption  after  fix 
hours. 


Thefe 
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of  box  i 


of  COilc* 


The  charcoal  of 
cork  contains 
rrtore  of  the 
principle  of  fire 
than  any  other 
C^rcoal. 


Thefe  experiments  correfpond  perfectly  with  thofe  which 
I  have  publiflied  in  my  third  memoir.  I  (hall  dilpenfe  with  the? 
relation  of  (everal  other  experiments  which  I  have  made  on 
different  woods,  fuch  as  hazle,  vine-twigs,  &c.  all  of  which 
gave  lefs  ablorptions. 

I  afterwards  tried  the  charcoal  of  box  wood,  although  it  is  a 
very  eompadi  wood;  but  fince  Kirwan  found  that  this  wood 
contains  much  more  faline  matter  than  any  other  wood,  it 
was  deli rable  to  fubmit  it  to  experiment :  its  abforplion,  how¬ 
ever,  was  confiderable,  and  equal  to  that  produced  by  beech- 
wood.  The  greater  or  lefs  quantity  of  (aline  matter  in  the 
wood  of  which  the  charcoal  is  made,  therefore,  does  not  con¬ 
tribute  to  the  variations  in  the  ablorption. 

40lh.  I  afterwards  examined  the  charcoal  of  cork,  which 
interefted  me  greatly,  becaufe  Cit.  Odier,  from  the  experi¬ 
ments  of  Dr.  Beddoes,  has  propofed  it  as  a  medicine :  I  was 
defirous  of  examining  whether  it  contained  more  of  the  prin¬ 
ciple  of  fire  than  the  others.  I  therefore  charred  cork  ;  but 
it  is  (o  light,  that,  after  the  charring,  a  piece  of  equal  bulk 
with  that  of  the  beech  which  I  had  ufed,  weighed  only  three 
grains  :  to  bring  thecircumftances  to  an  equality,  it  was  there¬ 
fore  neceflary  to  make  the  experiment  with  a  piece  of  beech 
charcoal  which  weighed  three  grains*:  it  was  in*atmofpheric 
air  it  was  tried.  The  following  are  the  refults  : 

Three  grains  of  beech  charcoal  produced  an  abforption  of 
one  inch  and  nine  lines. 

The  charcoal  from  cork  abforbed  only  nine  lines. 

41ft.  According  to  my  principles  +,  the  charcoal  of  cork 
muft  contain  the  matter  of  (ire  more  than  any  other  charcoal; 
thus  when  it  is  neceflary  to  give  it  as  a  medicine,  either  in¬ 
wardly  or  outwardly,  it  fliould  be  preferred  to  all  the  others  ; 
and  I  am  of  opinion  that  it  is  by  oxidating,  and  not  by  difox- 
idating,  that  it  produces  its  aftonifliing  eflfe&s.  Befides,  we 
have  in  fiances  of  fubftances  which  a&  in  this  manner.  The 
oxigenated  muriatic  acid,  far  from  abflra£ting  the  oxigen,  is 


*  The  pieces  of  beech  charcoal  which  I  ufe,  and  which  weigh 
thirty-fix  grains,  are  of  the  length  of  ten  lines,  and  about  five  r» 
diameter. 

■f  See  my  third  memoir  on  charcoal. 


fuppofed 
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fuppofed,  on  the  contrary,  to  add  a  confiderable  quantity  of 
it  to  fetid  ulcers,  and  carries  oft'  their  fetidity  as  well  as 
charcoal.* 

i 

Water  may  fometimes  be  ufed  in  the  lriflrument  injiead  of 

Mercury . 

4‘2d.  Although,  in  the  courfe  of  thefe  experiments,  I  have  Coloured  water 
conftantly  employed  mercury,  in  fome  experiments  a  coloured  ^afubftitutcd  to 
water  may  be  ufed  with  advantage,  fince  it  is  better  l’een  in  mercury  in  the 
the  tube  ;  but  this  cannot  be  ufed  when  the  gales  which  aremackinc* 
abforbed  by  water  are  examined,  nor  with  the  carbonic  acid 
and  the  other  acid  gafes  which  are  much  abforbed  :  then  it  is 
neceftary  to  change  the  tube,  and  to  fubftitute  one  which, 
inftead  of  eighteen  inches,  is  at  leaft  thirty-fix  in  height; 
without  which  it  will  be  entirely  filled. 

43d.  It  was  on  atmofpheric  air  ^ajken  in  my  room  with  the 
windows  open,  that  I  experimented  with  coloured  water. 

The  charcoal  produced  an  abforption  of  ten  inches  and  a  half. 

It  has  been  feen,  that,  with  the  mercurial  apparatus,  I  had 
had  an  abforption  of  eight  inches  fome  lines. 

The  prefture  of  the  atmofphere  in  the  water  therefore  aug-  The  preffure  of 
mented  the  abforption,  which  ufually  takes  place  with  the  atmofphere 
mercury,  by  two  inches  and  a  half;  that  is  to  fay,  one-fourth  fyits.3^  ^ 
of  the  height. 

44th.  I  ftiould  ohferve,  that  very  frequently  the  fmall  dif¬ 
ferences  of  one  or  two  lines  obferved  in  the  abforptions  of 
the  fame  quality  of  air  or  of  gas,  are  owing  to  the  variations 
of  the  atmofphere,  which  I  afcertained  by  comparing  the 
height  of  the  barometer  during  the  experiment. 

The  Pieces  of  Charcoal  ufed  in  thefe  Experiments ,  acquire  Weight . 

45th.  After  the  experiments,  all  the  pieces  of  charcoal  The  charcoal 
employed  had  acquired  greater  weight:  this  augmentation we^c 
was  from  half  a  grain  to  two  grains,  and  appears  to  be  de- meats;2 
pendent  on  the  greater  abforption. 

46th.  I  took  four  pieces  of  charcoal  which  had  been  ufed 
in  the  experiments  made  with  atmolpheric  air,  which,  among 
them,  had  acquired  four  grains  in  weight:  I  palled  them 

*  See  the  notes  of  M.  Odier  to  Beddoes’s  memoir.  Bibl.  Brit. 

Vol.  VI.  p.  359. 

\ 
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under  water,  in  a  tube  of  one  inch  in  diameter  and  fix  inches 
and  yields  a  por- high,  which  was  alfo  filled  with  water.  A  part  of  the  air 

forbed  -dr' 6 which they  contained  was  immediately  developed,  but  I  only 
is  a  compound  obtained  about  two  inches,  (they  had,  how  ever,  abforbed 

loni^^  d^afcT" am0n^  *hem  nearty  thirjy-two  inches).  The  refiored  air  was 
found  to  be  compofed  of  carbonic  acid  gas  and  azote  gas.  In 
this  operation  a  part  of  the  air  is  fixed  in  the  charcoal  to  be 
embodied  with  it,  and  cannot  be  again  diflodged  but  by  em¬ 
ploying  fire.  I  believe  thefe  combinations  frequently  occur 
in  nature,  and  the  great  Newton  fufpe&ed  it. 

47th.  I  dried  the  pieces  of  charcoal  which  had  been  wetted 
fcy  which  it  re-  in  the  preceding  experiment,  in  the  air:  I  afterwards  exa- 
benTpo^vei-101"  m‘ned  them,  by  again  heating  them  to  rednefs  in  the  fire, 
and  placing  them  in  the  machine  ;  they  abforbed  the  fame 
quantity  of  air  as  before. 

No  water  pro-  48th.  I  dire£ted  all  my  attention,  as  well  after  as  during 

mirmtion ofthe"  cour^e  °f  the  experiments  on  atmofpheric  air,  to  fee  if 
gas  under  exa-  I  could  perceive  any  drops  of  water  either  in  the  tube  or  in 
the  apparatus,  but  I  did  not  obferve  the  lead  trace  of  it ; 
neither  was  the  charcoal  moift ;  on  the  contrary,  its  furface 
was  covered  with  afhes. 

Experiments  to  be  made  by  faturating  the  Charcoal  with  different 

Subjlances. 

Experiments  (till  49th.  jSince,  during  the  progrefs  of  an  inveftigation,  there 
are  always  new  experiments  which  offer  themfelves,  I  per¬ 
ceived  that  it  would  be  interelting  to  make  trial  with  pieces 
of  charcoal  faturated  with  different  faline  and  acid  fubffances, 
as  M.  M.  Rouppe  and  Van-Norden,  of  Rotterdam,  had  un¬ 
dertaken  to  do,  and  to  fee  the  effedls  they  would  produce, 
with  my  machine,  as  wrell  in  atmofpheric  air  as  in  the  differ¬ 
ent  gafes  :  But  my  memoir  being  of  fufficient  length  already, 
I  leave  the  care  of  thefe  enquiries  to  other  philofophers  ;  and 
this  the  more  willingly,  fince  it  appears  that  one  of  the  mod 
able  chemifts,  M.  Van  Mons,  has  engaged  in  this  fubjeft, 
which,  in  his  hands,  will  doubtlefs  receive  every  degree  of 
perfection  which  can  be  defired. 

50th.  I  fhall  only  give  the  refult  of  four  experiments  which 
I  made  with  atmofpheric  air. 

I  faturated  pieces  of  charcoal  with  nitric  acid,  fulphuric 
acid,  folution  of  potafb,  and  lime-water  j  they  were  not  ufed 

until 


to  be  made. 
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■ntil  they  had  been  thoroughly  dried  on  filtering-paper.  1 
put  them  cold  into  my  machine.  The  following  are  the 
refults : 

1ft.  In  the  firft  fix  hours  the  charcoal,  faturated  with  nitric 
acid,  produced  an  abforption  of  four  lines  and  a  half;  after¬ 
wards  it  gave  back  the  air,  and  even  depreffed  the  mercury 
below  its  level. 

2d.  The  charcoal,  faturated  with  fulphuric  acid,  effected 
an  abforption  of  nine  lines,  which  it  preferved  uniformly  for 
twenty-four  hours. 

3d.  The  charcoal,  faturated  with  folution  of  potafh,  made 
an  abforption  of  three  lines,  and  remained  fo  for  twenty-four 
hours. 

4th.  That,  faturated  with  lime-water,  made  only  a  fmall 
abforption  of  a  line  and  a  half,  although  it  was  kept  in  expe¬ 
riment  for  twenty-four  hours. 

Thefe  four  experiments  prove  that  charcoal,  faturated  with 
different  fubfiances,  lofes,  in  part,  US'  power  of  abforbmg  : 
probably  thefe  folutions,  by  filling  the  pores  of  the  charcoal, 
in  fome  meafure  deprive  it  of  this  property. 

5 1  fl.  No  perfon  can  be  more  aware  than  I  am,  that  my 
enquiry  is  far  from  being  carried  to  that  degree  of  perfection 
which  I  wifhed  :  I  hope,  neverthelefs,  that  philofophers  will 
not  be  diffatisfied  that  1  have  prefented  them  with  new  expe¬ 
riments,  and  have  made  them  acquainted  with  an  infirument, 
by  means  of  which  they  can  appreciate  the  effects  of  folar  light 
and  caloric  on  charcoal  ;  an  infirument  which,  in  many  cafes, 
will  ferve  them  for  an  eudiometer,  and  which,  when  azote 
fhall  be  better  known,  will  acquire  greater  precifion,  I  hope 
that,  by  the  labours  of  other  philofophers  who  may  employ 
themfelves  on  this  fubjeCt,  this  interefiing  branch  of  natural 
phiiofophy  will  be  brought  to  perfection,  and  an  explanation 
of  thefe  furprifing  phenomena  be  obtained. 


Effects  of  char* 
coal  faturated 
with  nitric  acidj 


with  fulphuric 
acid ; 


with  folution  of 
potafh  ;  and 


with  lime-water. 


Charcoal  lofeaite 
abiorbent  power 
by  being  latu- 

rated  with  fornc 
fubftauces. 
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Farther  Obfervalions  on  the  Conjlitution  of  mixed  Gafes. 
Letter  from  Mr.  John  Gough. 


in  a 


To  Mr.  NICHOLSON. 


SIR, 


An  apology  for 
this  letter. 


ftated 
eonfidered 


Other  philofopheTs,  befidesMr.  Dalton,  have  maintained 
the  exiftencc  of  free  elaftic  vapour  in  the  atmofphere;  but  as 
the  modification  given  by  this  gentleman  to  the  opinion,  is 
perhaps  the  laft  it  will  receive,  I  am  defirous  of  t  ref  pa  fling 
once  more  on  your  pages,  in  reply  to  my  opponent,  as  well 
as  to  (hew  the  changes  which  the  prefent  controverfy  has  pro¬ 
duced  in  his  fy/Iem. 

Some  objections  Mr.  Dalton’s  laft  letter  begins  by  expofing  my  ignorance  of 
D*  chemiflry,  and  difapproving  the  data,  by  help  of  which  air 
has  been  fliewil  to  be  a  chemical  compound.  Although  his 
fufpicions  may  be  juft  in  many  inftances,  they  are  wrong  in 
this ;  for  the  fa£ts  ftated  by  Mr.  D.  were  known  to  me  at  the 
time  of  writing  that  paper;  and  the  reprobated  data  were 
adopted  for  the  following  reafons : 

Mr.  Davy  found  the  weight  of  100  cubic  inches  of  oxigen- 
ous  gas,  of  the  temperature  of  50°,  to  be  35.06  grains,  the 
barometer  Handing  at  30  inches :  now  the  denfities  of  the  fame 
elaftic  fluid  at  50Q  and  60°,  are  in  the  ratio  of  105321-  to 
1037  44*:  but  when  the  magnitude  is  given,  i.  e.  100  parts, 
the  weights  are  as  the  denfities ;  consequently  the  weight  of 
100  cubic  inches  of  oxigenous  gas  at  60°,  is  34.37  grains, 
the  barometer  Handing  ?t  30:  but  31  grains  being  the  weight 
of  an  equal  bulk  of  air  in  like  cireumftances,  and  its  fpecific 
gravity  being  denoted  by  1000,  the  correfponding  fpecific  gra¬ 
vity  of  oxigenous  gas  is  expreffed  by  the  number  1 10S  ;  which 
exceeds  Mr.  Kirwan’s  expreftion  only  by  five.  This  approx¬ 
imation  to  an  exa6t  coincidence,  affords  the  ftrongeft  evidence 
rtf  the  correclncfs  both  of  Mr.  Kirwan  and  Mr.  Davy,  that 
can  be  expedied  in  a  queftion  of  the  kind  ;  and,  as  the  former 
gentleman  made  ufe  of  the  fame  apparatus  to  determine  the 
weight  of  air  which  had  loft  its  oxigen  by  being  expofed  to 


Specific  gravity 
of  oxigenous 
gas. 


*  Thomfon’s  Chemiftry,  Vol.  I.  p.  342. 
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the  martial  pafte  of  fulphur,  the  fpecific  gravity,  drawn  from 
his  experiment,  was  certainly  to  be  preferred  in  my  calcula¬ 
tion  to  any  other.  This  refid uum  was  called  by  me  azote, 
probably  becaufe  Mr.  Kirvvan  called  it  phlogitlicated  air  : 
but  it  was  evidently  confidered  as  a  compound  in  the  elfay 
alluded  to  by  Mr.  Dalton  ;  and  certainly  the  advocate  for  a 
multiplicity  of  co-exiflent  atmofpheres  will  not  controvert  the 
fuppofition.  The  remaining  objections  made  by  my  opponent  to 
the  paper  in  queftion,  are  levelled  at  my  ignorance,  not  at 
my  conclufions ;  they  tliall  therefore  be  paffed  over  in  filence.- 
In  the  mean  time,  Mr.  D.  perhaps  will  not  take  it  amifs  if  I 
requeft  him  to  repeat  his  calculations  with  the  fpecific  gravity 
of  oxigenous  gas  when  properly  corrected,  and  to  try  what 
will  be  the  variation  of  the  eudiometer,  either  on  the  data  of 
Mr.  Davy  or  M.  Lavoifier. 

Permit  me,  Mr.  Nicholfon,  to  conclude  this  part  of  my  A  new  inflru- 
fubje£t  by  observing,  that  an  inflrumentof  great  ufe  in  pneu-  ^e^cr^COm- 
matics  might  be  conltru6ted  on  the  principles  of  your  hydro¬ 
static  weighing  machine.  The  body  of  it  fhould  be  of  glafs, 
furnifhed  with  proper  floppies  and  flop-cocks,  fo  that  it  might 
be  eafily  exhaufted  and  replenilhed.  The  preceding  is  but  an 
im  per  fed  {ketch  of  an  intirument,  the  mechanifm  of  which  I 
refign  to  your  pen  and  pencil,  fhould  the  idea  appear  worth 
purfuing. 

Mr.  Dalton’s  flridures  on  my  lafl  letter  afcribe  to  me  very  A  mifreprefen- 
fingular  opinions ;  but  he  negledls  to  point  out  the  paragraph^1011  P0int8'i 
where  the  grounds  of  this  charge  maybe  found;  a  charge 
which  infinuates,  that,  according  to  my  notions  of  things,  a 
vcffel  containing  a  cubic  foot  of  one  gas  cannot  receive  an 
equal  bulk  of  a  different  kind  :  Here  indeed  he  accufes  me 
of  grots  ignorance  ;  for  there  are  but  few  who  do  not  know 
that  fermenting  liquors  increafe  the  denfity  of  the  gafes,  which 
occupy  part  of  the  clofe  vetfels  containing  them.  In  reality, 
the  charge  is  fo  perfectly  groundlefs,  that,  had  it  been  made 
by  almofl  any  other  perfon,  I  would  not  have  hefitated  to  have 
pronounced  my  accufer  guilty  of  milreprefentation  to  conceal 
his  want  of  argument,  and  to  fecure  the  prejudices  of  the 
fuperficial  reader  in  his  own  favour.  He  may  court  the  ad¬ 
miration  of  fuch  ;  I  do  not  defire  their  applaufes. 

Mr.  Dalton  fpeaks  with  confidence  of  what  he  calls  his  im-  Mr.  D.’s  impor- 

portant  argument,  i,  e.  his  affeition,  that  equal  quantities  of tant  argument 
1  b  1  *  no  argument  at 

vapour  a!!. 
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vapour  enter  a  vacuum  and  an  equal  fpace  previoufly  occu¬ 
pied  by  a  gas.  No  one  would  refufe  its  due  importance  to 
this  argument,  after  feeing  or  perufing  a  fatisfadtory  demon- 
flration  ;  but  I  know  of  no  fuch  thing  in  Mr.  Dalton’s  eflays. 
He  aflerts,  indeed,  that  a  quantity  of  dry  air,  confined  in  a 
tube,  receives  an  augmentation  of  force  from  the  prefence  of 
water,  equal  to  that  which  is  produced  by  the  fame  caufe  i n % 
the  exhaufled  tube.  But  this  is  no  demonftration,  unlefs  the 
porofity  of  air  be  firfl  admitted  ;  for,  without  this  conceflion, 
Mr.  D,  has  no  right  to  eflimale  the  quantity  of  vapour  prefent 
by  the  fpring  of  it;  this  ought  to  be  determined  by  weight 
only.  But  when  did  Mr.  D.  weigh  an  exhaufted  veffel,  and 
afterwards  take  its  weight  when  filled  with  vapour?  When 
has  he  repeated  the  fame  experiment  upon  the.  fame  veffel 
containing  dry  and  moift  air,  and  found  the  refult  favourable 
to  his  hypothefis  ?  Negative  anfwers  to  thefe  queftions  muft 
convince  an  impartial  judge,  that  the  porofity  of  the  air  has 
been  again  artfully  introduced  to  efiablifb  its  oun  exigence  : 
thus  we  find  the  fundamental  datum  of  the  fyfiem  to  be  de- 
monfirated  by  arguing  in  a  circle,  which  begins  and  ends  with 
the  thing  to  be  proved. 

On  the  other  hand,  Mr.  D.  is  convinced  that  the  admiflion 
of  vapour  into  an  open  bottle  expels  part  of  the  air.  This  is  a 
proof  that  fleam,  fuppofing  its  exiflenoe  in  t lie  atmofphere, 
finds  a  fpace  crowded  w  ith  gafes  lefs  convenient  than  a  va¬ 
cuum  ;  it,  therefore,  makes  room  for  itfelf,  by  diminifhing 
the  denfities  of  thefe  gafes,  and  creates  in  them  Mr.  Dalton’s 
capacity  for  the  reception  of  water.  This  faff  being  eflabl i Hi¬ 
ed,  it  will  alfo  be  evident,  that,  when  vapour  is  forced  into 
a  gas  confined  in  a  clofe  veffel,  the  former  cannot  make  its 
way  through  the  latter,  otherwife  than  by  condenfing  it :  Such 
is  the  nature  of  the  pores  of  the  air,  according  to  Mr.  D.’s 
own  principles.  The  atmofphere  is  alfo  found  to  oppofe  a 
fimilar  refi fiance  to  newly  developed  gafes;  for  the  gafeous 
compound  contained  in  an  open  veffel  filled  in  part  with  a 
fermenting  liquor,  is  not  a  column  of  the  atmofphere  perme¬ 
ated  by  an  additional  body  of  the  carbonic  acid,  but  a  mixture, 
in  which  the  proportion  of  common  air  is  comparatively  final  I . 
This  fad't  overturns  Mr.  D.’s  general  conclufion,  that  atmo- 
fpheres  may  be  added  to  the  compound  atmofphere  at  plea- 

fure, 
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fure,  or  taken  from  it,  without  its  diflurbing  the  denfities 
and  fituations  of  the  remaining  atmofpheres *. 

The  free  palfage  of  gafes  through  each  other  was  once  the  Change  in  Mr. 
fundamental  maxim  of  my  opponent;  at  which  lime  he  main- 11  opinions, 
tained,  that  the  variations  in  the  weight  of  the  atmotpheric 
compound  arife  from  the  changeable  nature  of  the  aqueous 
atmofphere,  not  from  the  permanent  gafes  f.  This  dogma  is 
etfential  to  the  lyftem  ;  it  has,  however,  been  abandoned  by 
its  author  himfelf;  for  Mr.  D.  when  attempting  to  explain 
the  obfervation  of  Mr.  Kirwan,  is  obliged  to  admit  the  per¬ 
manent  gafes  to  be  more  abundant  in  dry  than  in  moid  air; 
that  is,  the  denfities  and  portions  of  thele  gates  depend  upon 
the  date  of  the  contained  vapour,  contrary  to  the  hypothetic. 

This  departure  from  the  primitive  maxim  is  avowed  openly 
in  Mr.  D/s  explanation  of  the  experiment  with  the  moifl 
bottle.  Here  he  is  compelled  to  confefs,  that  fleam,  at  low- 
temperatures,  diflends  the  pores  of  air  ;  and  endeavours  to 
preferve  the  exigence  of  his  aqueous  atmofphere  by  fomething, 
which  looks  like  a  demonflration  from  the  final  Q.  E.  D. : 
but  it  ought  to  be  remembered,  that  the  particles  of  a  fluid 
prefs  equally  in  all  directions ;  consequently,  that  the  cor¬ 
puscles  of  air  would  a<ft  with  their  full  force  on  the  contiguous 
corpufcles  of  his  fuppofed  vapour. 

Perhaps  Mr.  D.  will  perceive,  by  this  time,  that  logical 
precifion  has  placed  him  in  the  circumftances  of  certain  phi- 
lofophers  mentioned  in  his  third  effay,  who  are  unable  to  de¬ 
fend  their  opinions.  In  fact,  Mr.  D/s  hypothefis  is  repug¬ 
nant  to  natural  appearances  in  its  primitive  form  ;  for,  ac¬ 
cording  to  it,  a  fhower  of  rain  is  a  prodigy  ;  feeing  the  drops 
mud  difplace  equal  bulks  of  air,  and  this  removal  mud  be 
brought  about  by  the  inadequate  weight  of  a  column  of  va¬ 
pour  which  has  lod  part  of  its  fpring. 

JOHN  GOUGH. 

Middlejhaw,  December  13,  1S04. 

P.  S.  Since  the  publication  of  my  paper  on  vegetation,  I 
have  found,  by  Dr.  Thomfonks  Chemidry,  that  M.  Ingen- 
houz  had  formerly  made  the  fame  difcovery.  In  1795,  1  read 

*  Manchefter  Memoirs,  Vol.  V.  p.  546. 
d*  Manchefter  Memoirs,  Vol.  V.  p.  547, 

his 
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Jntrodu&ion, 
with  reference 
to  the  experi¬ 
ments  made  by 
Defcotils, 


and  by  Vauque¬ 
lin. 


Subftance  ob¬ 
tained  from  the 
grains  of  platina. 


his  work,  Sur  les  Vegetuux ,  printed  at  Paris,  1787  ;  but  un¬ 
doubtedly  this  fedtion  had  by  fome  means  been  overlooked. 
All  that  I  have  to  do  at  prefent,  by  way  of  reparation,  is  to 
thank  Dr.  Thomfon  for  his  information,  and  to  declare  that 
paper  of  no  value ;  which  in  all  probability  will  prove  a  fuf- 
ficient  apology  to  M.  Ingenhouz. 


VII. 

On  two  Metals ,  found  in  the  black  Powder  remaining  after  the 

Solution  of  Plat/na .  By  Smithson  Tennant,  Efq .  F.  U.  S. 

From  the  Philofophical  Trnnfaclions  for  1  80  k 

Upon  making  fome  experiments,  laft  fummer,  on  the  black 
powder  which  remains  after  the  folution  of  platina,  1  obferved 
that  it  did  not,  as  was  generally  believed,  confift  chiefly  of 
plumbago,  but  contained  fome  unknown  metallic  ingredients. 
Intending  to  repeat  my  experiments  with  more  attention  during 
the  winter,  I  mentioned  the  refult  of  them  to  Sir  Jofeph  Banks, 
together  with  my  intention  of  communicating  to  the  Royal 
Society,  my  examination  of  this  fubftance,  as  foon  as  it  fhould 
appear  in  any  degree  fatisfadlory.  Two  memoirs  were  after¬ 
wards  publifhed  in  France,  on  the  fame  fubject ;  one  of  them 
by  M.  Defcotils,  and  the  ethers  by  Meffrs.  Vauquelin  and 
Fourcroy.  M.  Defcotils  chiefly  directs  his  attention  to  tiie 
effedts  produced  by  this  fubftance  on  the  folutions  of  platina. 
He  remarks,  that  a  fmall  portion  of  it  is  always  taken  up  by 
nitro-muriatic  acid,  during  its  adtion  on  platina  ;  and,  prin¬ 
cipally  from  the  obfervations  he  is  thence  enabled  to  make,  he 
infers,  that  it  contains  a  new  metal,  which,  among  other  pro¬ 
perties,  has  that  of  giving  a  deep  red  colour  to  the  precipitates 
of  platina. 

M.  Vauquelin  attempted  a  more  direcl  analyfis  of  the  fub¬ 
ftance,  and  obtained  from  it  the  fame  metal  as  that  difeovered 
by  M.  Defcotils.  But  neither  of  thefe  chemifts  have  obferved, 
that  it  contains  alfo  another  metal,  different  from  any  hitherto 
known. 

The  fubftance  with  which  my  experiments  were  made,  was 
obtained  from  platina  which  had  been  previoufly  freed  from 
the  fand  and  other  impurities  generally  mixed  with  it  j  fo  that 

it 
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it  mud  have  been  contained  in  the  fubflance  of  the  grains  of 
platina.  Though  it  has  fomewhat  the  appearance  of  plum-  refembling 
bago,  it  may  eadly  be  didinguifhed  by  its  (uperior  weight.  but 

By  weighing  it  in  a  phial  with  water,  I  found  its  fpecific  gra¬ 
vity  almod  JO. 7. 

Before  I  defcribe  the  method  of  feparating  the  two  metals  of  It  combines  with 

*  °  metals A 

which  itconfids,  it  may  be  worth  while  to  mention  the  effebts  fma;j  p‘ort.;on 

of  it,  when  combined  with  different  metals  in  its  entire  (late,  renders  lead. 

It  readily  unites  wi(h  lead;  but,  even  with  ten  times  its  own  and  tin/diffi-* 
weight,  the  compound  has  not,  when  melted,  much  fluidity,  cultly  fufible 
Upon  diffolving  the  lead  in  nitrous  acid,  the  black  powder  was 
obtained,  with  little  apparent  alteration,  not  having  been  en¬ 
tirely  broken  down,  but  confiding  chiefly  of  the  fame  fcaly 
particles  as  at  fird.  With  bifmuth,  zinc,  and  tin,  the  effedls 
were  nearly  fimilar;  but,  by  tudon  with  copper  in  a  very 
drong  heat,  a  more  perfebt  union  was  produced.  On  at¬ 
tempting  to  dfffolve  the  compound  by  nitro-muriatic  acid, 
me  of  the  powder  was  taken  up  with  the  copper,  forming  with,  copper; 
a  very  dark  folution. 

The  undiffolved  portion  condded  partly  of  the  fubdance  in 
its  original  form  of  fcales,  and  partly  of  a  blacker  powder,  the 
particles  of  which  were  too  (mail  to  be  vidble,  and  which  had 
probably  been  completely  combined  with  the  copper.  This  filver  or  gold  ; 
fubdance  may  be  eadly  united,  by  fudon,  with  diver  or  gold  ;  ^.°^^rable  by 
and  it  is  particularly  deferving  of  attention,  that  it  cannot  be 
feparated  from  thefe  metals,  by  the  ufual  procefs  of  refining. 

It  remains  combined  with  either  of  them,  after  cupellation  with 
lead  ;  and  with  the  gold,  after  quartation  with  filver.  The 
alloys  retain  condderable  ductility  ;  and  the  colour  of  that  with 
gold,  is  not  materially  different  from  pure  gold. 

I  (ball  now  proceed  to  defcribe  the  analyds  of  the  black  Analyfxs  of  the 

powder,  and  the  properties  of  the  two  metals  which  enter  into powder; 

its  competition.  The  method  which  I  ufed  for  didblving  it,  two  metals. 

was  dmilar  to  that  employed  by  M.  Vauquelin,  the  alternate 

action  of  caudic  alkali,  and  of  an  acid.  I  put  a  quantity  of  the  Fufion  with 

powder  into  a  crucible  of  filver,  with  a  large  proportion  of*oda’ 

pure  dry  foda,  and  kept  it  in  a  red  heat  for  fome  time.  The  Solution  in  wa- 

alkali  being  then  diffolved  in  water,  had  acquired  a  deep^^  .deep  oranSe> 
0  1  *  leaving  a  pow- 

orange,  or  brownifh-yellow  colour,  but  much  of  the  powderder; 

remained  undiffolved.  This  powder,  digeded  in  marine  acid,  which  was  partly 

gave  a  dark  blue  folution,  which  afterwards  became  of'  ad.ifl'olved.ln  mu* 


dufky 


natic  acid. 
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dufky  olive-green,  and  finally,  by  continuing  the  heat,  of  a 

Fufion,  &c.  re-  deep  red  colour.  Part  of  the  powder  being  yet  undilTolved 

undiffolved^ieft-  ^ie  mar‘ne  acid,  was  heated  as  before  with  aikali ;  and, 
due.  by  the  alternate  action  of  the  alkali  and  acid,  the  whole  .ap- 

Silex.  peared  capable  of  folution.  At  each  operation,  fome  filex 

was  taken  up  by  the  alkali  ;  and,  as  this  continued  till  the  me¬ 
tallic  part  was  entirely  dilTolved,  it  feems  to  have  been  chemi¬ 
cally  combined  with  it. 

The  alk.  folu-  The  alkaline  folution  contains  the  oxide  of  a  volatile  metal, 
ox'idc  which*  fe-  not  >’e^  noticed,  but  which  I  fhall  prefently  defcribe,  and  alio 


parates  by  re¬ 
pute. 


a  fmall  proportion  of  the  other  metal.  If  this  folution  is  kept 
for  fome  weeks,  the  latter  metal  feparates  fpontaneoufly  from 
it,  in  the  form  of  very  thin  flakes,  of  a  dark  colour. 

The  acid  tpl.  The  acid  folution  alio  contains  both  the  metals,  but  prin- 
containa  the  ci pall y  that  which  has  been  mentioned  by  the  French  che- 

taine  metal,  but  \  J  ...  J 

principally  that  mifts.  Tiie  properties  of  this  lad  metal,  which  they  have 

remarked,  are  thofe  of  giving  a  red  colour  to  the  triple  fait  of 
platina  with  fal-ammoniac,  of  not  being  altered  by  muriate  of 
tin,  and  of  giving,  with  pure  alkali,  a  dark  brown  precipitate. 
M.  Vauquelin  alfo  adds,  that  it  is  precipitated  by  galls,  and 
by  pruffiate  of  potafh  ;  but  I  fhould  rather  afcribe  thefe  preci¬ 
pitates  to  fome  impurity,  and  probably  to  iron. 

As  it  is  neceOary  to  give  lome  name  to  bodies  which  have 
not  been  known  before,  and  moft  convenient  to  indicate  by  it 


examined  by 
Vauquelin 


The  name  Jri- 
dium  given  to 
the  metal  exa 


mined  by  Vau-  feme  characderiftic  properly,  1  fhould  incline  to  call  this  metal 
quehn.  Iridium ,  from  the  driking  variety  of  colours  which  it  gives. 


while  diflblving  in  marine  acid. 


Cry  this  ef  its 
muriate 


difTolved  in 
•water. 


Prec’p.  by  alka¬ 
lis  and  metals. 


In  order  to  obtain  the  compound  of  this  metal  with  marine 
acid  in  a  pure  date,  I  tried  to  make  it  crydallize. 

By  dow  evaporation  of  the  folution,  only  an  imperfectly 
crydallized  mais  was  produced  ;  but  this,  being  dried  on 
blotting-paper,  and  dilTolved  in  water,  afforded,  by  again  eva¬ 
porating  as  before,  diftinct  oclaedral  crydals.  Thele  crydals 
dilTolved  in  water,  gave  a  deep  red  coloured  folution,  inclining 
to  orange.  With  an  infufion  of  galls  no  precipitate  was 
formed,  but  the  colour  was  indantly,  and  almod  intirely, 
taken  away.  Muriate  of  tin,  carbonate  of  foda,  and  prudiate 
of  potafli,  produced  nearly  the  fame  efiedd.  Pure  ammonia 
precipitates  the  oxide;  but  (poffibly  from  adding  it  in  excels) 
1  found  it  retained  a  part  in  folution,  acquiring  a  purple  colour. 
The  pure  fixed  alkalis  alfo  precipitate  the  greater  part  of  the 
4  oxide# 
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oxide,  but  are  capable  of  retaining  a  part  in  folution,  be¬ 
coming  of  a  yellow  colour.  All  the  metals  which  I  tried, 
excepting  gold  and  platina,  produced  a  dark  or  black  pre¬ 
cipitate  from  the  muriated  folution,  which  is  at  the  fame  time 
deprived  of  its  colour.  The  iridium  maybe  obtained  in  a  The  metal  iridi- 

pure  date,  merely  by  expofing  the  oclaedral  crydals  to  heat,  fim  1S  wh>te, 

J  ••  .  ,  T  ,  mfufible,  and 

which  expels  the  oxigen  and  the  muriatic  acid,  it  appeared  rejeas  fulphur 

of  a  white  colour,  and  was  not  capable  of  being  melted,  by  and  arfenic. 
any  degree  of  heat  I  could  apply.  I  could  not  combine  it 
with  fulphur,  nor  with  arfenic.  Lead  eafily  unites  with  it ;  its  habitudes 
but  is  feparated  by  cupellation,  leaving  the  iridium  upon  the  d*e  metals* 
cupel,  as  a  coarfe  black  powder.  Copper  forms  with  it  a  very 
malleable  alloy,  which,  after  cupellation  with  the  addition  of 
lead,  left  a  (mail  proportion  of  the  iridium,  but  much  lefs 
than  in  the  former  cafe.  Silver  may  be  united  with  it,  and 
the  compound  remains  perfectly  malleable.  The  iridium  was 
not  feparated  from  it  by  cupellation,  but  occafioned  on  the 
furface  a  dark  or  tarnifhed  hue.  It  appeared  not  to  be  per¬ 
fectly  combined  with  the  filver,  but  merely  diffufed  through 
the  fubdance  of  it,  in  the  ftate  of  a  fine  powder.  Gold 
alloyed  with  iridium  is  not  freed  from  it  by  cupellation,  nor 
by  quartation  with  filver.  The  compound  was  malleable; 

•and  did  not  differ  much  in  colour  from  pure  gold,  though 
the  proportion  of  alloy  was  very  confiderable.  If  the  gold 
or  lilver  is  difiblved,  the  iridium  is  left,  in  the  form  of  a 
black  powder. 

The  yellow  alkaline  folution,  which  I  have  already  men- The  alkaline 
tioned  as  containing  a  metallic  oxide,  didinct  from  the  former,  folution  did  not 
is  confidered  by  M.  Vauquelin  as  a  folution  of  the  oxide  of  n  ^rm  ’ 
chrome  in  alkali;  but  I  could  not,  by  any  ted,  difcover  the 
prefence  of  chrome.  After  the  fuperduous  alkali  had  been 
neutralized  by  an  acid,  it  produced  a  pale  or  buff-coloured 
precipitate  with  a  folution  of  lead,  and  not  the  bright  yellow 
which  is  given  by  chrome.  But,  as  we  are  indebted  to  the 
above  didinguidied  chemid,  among  many  other  important 
difcoveries,  for  our  knowledge  of  the  exifience  of  chrome,  it 
is  not  improbable  that  fome  kinds  of  platina  may  contain  that 
fubdance,  beddes  the  other  bodies  ufually  mixed  with  it. 

When  the  alkaline  folution  is  fird  formed,  by  adding  water  it  contains  the 
to  the  dry  alkaline  mafs  in  the  crucible,  a  pungent  and  pe- volatlle  oxide  of 
culiar  fmell  is  immediately  perceived.  This  fmell,  as  I  after-  ofmium  j 

wards 
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expeUab)e  from 
the  alkali  by  an 
scid.j 


©r  obtained  by 
rfi  (tilling  the 
black  powder 
with  nitre. 


Frocefs  de- 
fcribed. 


Mo  ft  ftriking 
character  of  fo¬ 
lution  of  ofmi- 
um  : 

Habitudes  with 
various  bodies  $ 


wards  difcovered,  arifes  from  llie  exlrication  of  a  very  volatile 
metallic  oxide ;  and,  as  this  fmell  is  one  of  its  moll  didin- 
guifhing  characters,  I  lliould  on  that  account  incline  to  call 
the  metal  Ofmium. 

This  oxide  may  be  expelled  from  the  alkali  by  any  acid,  and 
obtained  in  lo’.ution  with  water  by  dillillation.  The  fulphuric 
acid,  being  the  lead  volatile,  is  the  mod  proper  for  this  pur- 
pofe  ;  but  as,  even  of  this  acid,  a  little  is  liable  to  pafs  over, 
a  fecond  Oow  didillation  is  required,  to  obtain  the  oxide  per¬ 
fectly  free  from  it.  The  folution  thus  procured  is  without 
colour,  has  a  fvveetifli  tade,  and  the  drong  fmell  before  men¬ 
tioned.  Paper  llained  blue  with  violets,  was  not  changed 
by  it  to  red  ;  but,  by  being  expofed  to  the  vapour  of  it  in  a 
phial,  the  paper  lod  much  of  its  blue  colour,  and  inclined  to 
gray.  As  a  certain  quantity  of  this  oxide  is  extricated  during 
the  folution  of  the  iridium  in  marine  acid,  that  part  may  alfo 
be  obtained  by  didillation. 

Another  mode  by  which  the  oxide  of  ofmium  may  be  ob¬ 
tained  in  fmall  quantity,  but  in  a  more  concentrated  date,  is, 
by  diddling  with  nitre  the  original  black  powder  procured 
from  plalina. 

With  a  degree  of  heat  hardly  red,  there  fublimes  into  the 
neck  of  the  retort,  a  fluid  apparently  oily,  but  which,  on 
cooling,  concretes  into  a  folid,  colourlefs,  femitranfparent 
inafs.  This,  being  diflblved  in  w'ater,  forms  a  folution  flmilar 
to  that  before  deferibed.  The  oxide,  in  this  concentrated 
date,  dains  the  fkin  of  a  daik  colour,  which  cannot  beedaced. 
The  mod  driking  ted  of  the  oxide  of  ofmium,  is  an  infufion 
of  galls,  which  prcfently  produces  a  purple  colour,  becoming 
foon  after  of  a  deep  vivid  blue.  By  this  means,  the  prefence 
of  this,  and  of  the  metal  fird  deferibed,  may  be  obferved, 
when  the  two  are  mixed  together.  The  folution  of  iridium 
is  not  apparently  altered  by  being  mixed  with  the  oxide  of 
ofmium  ;  but,  on  adding  an  infufion  of  galls,  the  red  colour 
of  the  fird  is  inftantly  taken  away,  and  foon  after  the  purple 
and  blue  colour  of  the  latter  appears.  The  folution  of  the 
oxide  of  ofmium  with  pure  ammonia,  becomes  fomewhat 
yellow',  and  digbtly  fo  with  carbonate  of  foda.  It  is  not 
affected  by  pure  magnefia,  nor  by  chalk  ;  but  with  lime  a 
folution  is  formed,  of  a  bright  yellow'  colour.  The  folution 
with  lime  gives  with  galls  a  d^ep  red  precipitate,  which 

becomes 
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becomes  blue  by  acids.  It  produces  no  effe6t  on  a  folution 
of  platina  or  gold  ;  but  precipitates  lead  of  a  yellowith- 
brown,  mercury  of  a  white,  and  muriate  of  tin  of  a  brown 
colour. 

The  oxide  of  ofmium  becomes  of  a  dark  colour  with  —  alcohol; 
alcohol,  and  after  fome  time,  feparatos  in  the  form  of  black 
films,  leaving  the  alcohol  without  colour.  The  fame  effect  is 
produced  by  ether,  and  much  more  quickly. 

This  oxide  appears  to  part  with  its  oxygen  to  all  the  metals,  —  the  metals* 
excepting  gold  and  platina.  Silver  being  kept  in  a  folution 
of  it  for  fome  time  acquires  a  black  colour;  but  does  not 
entirely  deprive  it  of  fmell.  Copper,  tin,  zinc,  and  phof- 
phorus,  quickly  produce  a  black  or  gray  powder,  and  de¬ 
prive  the  folution  of  all  fmell,  and  of  the  power  of  turning 
galls  of  a  blue  colour.  This  black  powder,  which  confifts 
of  the  ofmium  in  a  metallic  ffate  and  the  oxide  of  the  metal 
employed  to  precipitate  it,  may  be  diiTolved  in  nitro-mu- 
riatic  acid,  and  then  becomes  blue  with  infufion  of  galls. 

If  the  pure  oxide  of  ofmium,  diffolved  in  water,  is  Amalgam  wlti 
fliaken  with  mercury,  it  very  foon  lofes  its  fmell ;  and  the  mercury* 
metal,  combining  with  the  mercury,  forms  a  perfect  amal¬ 
gam- 

Much  of  the  mercury  may  be  feparated  by  fqueezing  it  Pure  ofmium 

through  leather,  which  retains  the  amalgam  of  a  firmer  ,by  diftiliing 
.7  .  .  .  oft  the  mercury, 

confidence.  The  remaining  mercury  being  diftilled  off,  a 

powder  is  left,  of  a  dark  gray  or  blue  colour,  which  is  the  It:  is  gray*  and 

ofmium  in  its  pure  date.  By  expodng  it  to  heat  with  accpfs  voladle'^unlefT^' 

of  air,  it  evaporates,  with  the  ufual  fmell;  but,  if  the  oxi-  oxided. 

dation  is  carefully  prevented,  it  does  not  teem  in  any  degree 

volatile.  Being  fubjecied  to  a  drong  w-hite  heat,  in  a  cavity- 

made  in  a  piece  of  charcoal,  it  was  not  melted,  nor  did  it 

undergo  any  apparent  alteration.  Heated  in  a  dmilar  fit u a-  Alloys, 

tion  with  copper  and  with  gold,  it  melted  with  each  of  thefe 

metals,  forming  alloys  which  were  quite  malleable.  Thefe 

compounds  were  eadly  ditfolved  in  nitro-muriatic  acid,  and, 

by  didillation,  afforded  the  oxide  of  ofmiuri  with  the  ufual 

properties. 

The  pure  metal  which  has  been  previoufly  heated,  does  not  Pure  ofmium 
feem  to  be  adted  on  by  acids;  at  lead  I  could  not  perceive 
any  effect  produced  by  boiling  it  for  fome  time  with  niiro-  with  alkali,  ^ 
muriatic  acid.  By  heating  it  in  a  diver  cup  with  caudic 

alkali. 
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alkali,  it  immediately  combined  with  the  alkali,  and,  with 
water,  gave  a  yellow  folution,  fimilar  to  that  from  which 
it  was  procured.  Acids  expel  from  this  folution  the  oxide 
of  ofmium,  which  has  the  ufual  fmell,  and  the  power  ot 
giving  to  infufion  of  galls  the  blue  colour  before  mentioned. 


VIII. 

I 

Remarks  upon  certain  Obfervations  of  Mr.  Wilkinson, 
refpeding  Galvanifm .  By  Ra.  Thicknesse,  Ejq. 

To  Mr.  NICHOLSON. 

SIR,  Wigan,  Dec.  17,  180L 

'The  remarks  of  Mr.  Wilkinfon  (which  I  have  not  had  an 
earlier  opportunity  of  attending  to)  on  my  letter  of  the  20lh 
September,  on  galvanifm,  are  in  general  founded  only  on  mif- 
conception  ;  the  confequence,  probably,  of  a  haffy  perufal 
in  a  public  room.  He  attribute's  to  me  an  affertion,  “  that 
two  metals  are  requifite  to  the  produ&ion  of  galvanic  pheno¬ 
mena  but  my  words  are,  and  particularly  marked  by  italics, 
“  two  metals,  or  other  fubjiances and  were  intended  to 
iignify  two  metals,  or  two  other  fubflances  ;  or  one  metal 
and  one  other  fiibftance  ;  and  to  include  even  that  which  may 
be  ditfolved  in  the  water.  The  experiment,  therefore,  of 
La  Grave,  with  brain  and  mufcle,  which  Mr.  W.  adduces, 
is  not  an  exception ;  and  **  that  a  tingle  metal  fuffices”  per¬ 
fectly  with  pure  water  only,  he  did  not,  I  fancy,  with  to  be 
underftood. 

That  copper  and  the  other  negative  metals  are,  as  I  ,ex- 
preffed,  “  acted  upon  by  the  hidrogen/’  I  mu  ft  refer  to  Mr. 
W.  for  authority,  to  pages  177  and  J7S  of  your  Journal  ;  and 
that  particularly  tilver  (my  words  are  copper,  or  filver)  is 
rendered  more  brittle,  to  page  85  :  but  there  cannot,  furely, 
be  ftronger  evidence  that  copper  has  an  atlinity  for  hidrogen, 
and  fconfequently  an  influence  in  the  decompotition  of  the 
water,  than  is  afforded  by  the  experiments  in  which  hidrogen 
gas  is  obtained  from  the  copper  of  the  pile,  and  oxigen  gas 
from  the  oxidated  zinc  ;  part  of  the  hidrogen,  and  of  the  ox¬ 
igen,  being  prevented  from  uniting  with,  and  borne  away 
from  the  metals  by  the  electricity. 
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Mr.  W.  imputes  to  me  alfo  the  midake  of  having  ft  <*>b-  Obfervatiuns  re<* 
ferved  that  the  fenfation  is  in  proportion  to  the  furface  a<5ied^e<^ing  g,s,“ 
on  adding,  that  “  the  experiments  ol  the  French  philofo- 
phers  proved,  that  the  action  of  galvanifm  on  animal  fub- 
ftances  is  in  the  ratio  of  the  number  of  plates  employed,  and 
not  the  fur  faces  expofed.”  This  is  another  inttance  of  the 
inaccuracy  of  Mr.  W/s  obfervations ;  for  fenfation  I  never 
mentioned  ;  nor  action  on  animal  fubdances  ;  not  at  all  confi- 
dering  the  intenfity,  but  the  quantity  only  of  the  eleCtric  fluid 
produced  ;  which  may  not  always  correfpond  ;  for  the  charge 
of  tmall  plates  being  weak,  although  according  to  their  fur- 
faces,  the  electricity  meets  with  almoft  infurmountable  ob- 
druCtions  from  the  interdices  of  the.  pile;  which  to  a  Wronger 
charge,  from  larger  plates,  are  very  trifling  impediments: 
but  Mr.  W.  thinks,  himfelf,  that  “  the  production  of  galva¬ 
nic  phenomena  is  always  proportionate  to  the  degree  of  oxi¬ 
dation  ;”  and  mud  not  the  quantity  of  metal  oxidated  be  in 
proportion  to  the  furface  expofed  to  the  water?  The  French 
philofophers,  too,  have  “  concluded  (I  quote  Mr.  WVs  own 
words,  from  p.  207  of  your  lad  volume)  that  the  effects  of  a 
galvanic  battery  on  metallic  fubftances,  are  in  proportion  to 
the  furfaces  of  the  plates  employed:”  Mud  we  not  then  fuf- 
pe6t  the  experiments  to  have  been  impeded!  which  led  them 
to  conclude,  if  they  have  fo  concluded,  that  the  effects  on 
animal  fubftances  are  different  ? 

Whether  I  “  fet  out  too  hypothetically  as  to  electricity- 
being  a  modification  of  caloric,”  is  a  queftion  on  which  many 
of  the  mod  celebrated  men  of  fcience  would  differ  from  Mr. 

W.  in  opinion,  “  Pars  invenit  utraque  Cavffas ;  yet  it  appears 
to  me,  that  the  experiment  noticed  by  a  Corref pendent,  p.  173, 
almod  determines  it :  “  If  the  gas  which  is  produced  from  one 
of  the  wires  communicating  with  the  pile  in  the  water,  be 
united  and  inflamed  with  the  other  in  a  jufl  proportion,  the 
water  wdiich  is  common  to  both  is  reproduced,  and  common 
fire  in  great  abundance.”  Thus  the  electric  fluid,  which  alone 
conveys  the  oxigen  and  bidrogen  from  the  wrater,  adtually  be¬ 
comes,  when  differently  modified  by  combufiipn,  for  there 
is  t(  no  evidence  of  the  pretence  of  fire  unlrf  this  point  of 
time,”  active  caloric. 

But  fuppofing,  with  Mr.  W.  that  the  electric  matter  and 
caloric  are  perfectly  diftinct  bodies,  we  have  ft  ill  the  fame 

real  on 


PRUSSIC  ACID. 


32 

Obfrrvations  re 
fpetting  gal- 
vaiiifm,  &«. 


Central  deduc- 

e:ons. 


reafon  to  conclude  that  the  former  is  combined  with  water, 
which  we  have  to  believe  that  it  is  contained  in  metals: 
What  then  becomes  of  it  when  the  water  is  decompofed,  if, 
as  he  imagines,  the  eledric,  or  *'  galvanic  phenomena,  en¬ 
tirely  depend  upon  the  metal  undergoing  a  chemical  change,” 
1  muff  confefs  I  cannot  conjedure:  but,  in  truth,  it  is  en¬ 
tirely  the  caufe  of  all  the  phenomena  which  take  place:  the 
quantity  atforded  by  the  metal,  fo  very  fmail  a  portion  of 
which  undergoes  any  chemical  change,  muff  be  too  trifling  to 
be  conlidered ;  for  if  any  more  than  the  oxidated  part  of  the 
metal  contributed,  the  quantity  of  the  metal  in  the  plates,  as 
well  as  the  extent  of  its  furface,  would  in  fome  degree  have 
an  efl’ed  :  but  this,  as  I  alledged,  is  not  the  cafe  ;  and,  there¬ 
fore,  Mr.  W/s  fanciful  conjecture,  that  there  is  as  it  were  a 
fpring  of  eledric  fluid  in  the  metal,  as  a  refource  for  a  fup- 
ply,  although  very  ingenious,  may  be  regarded  as  a  perfed 
hypolhefls — a  fuppofition  unlupported  by  any  fad;  and  as 
an  inffance,  from  his  partiality  for  it  on  this  occafion,  of  our 
difpofition  to  overlook  imperfedions  in  our  own  performances, 
whilff  we  obferve  them  in  the  works  of  others. 

I  am.  Sir, 

Your  moff  obedient  fervant, 

RA.  THICKNESSE. 


IX. 

AbfiraSi  of  a  Memoir  on  the  Pojpbility  of  obtaining  PruJJiate  of 
Potajh  free  from  Iron ;  the  {Inalterability  of  the  PrvJJic  Acid 
at  high  Teviperatwres ;  and  the  true  Nature  of  the  Combina¬ 
tions  of  this  Acid  with  different  Safes.  By  Bucholz. 


(Concluded  from  p.  282,  Vol.  IX.) 

These  two  experiments  therefore  prove,  that  from  four 
parts  of  dried  blood  and  one  of  carbonate  of  potafli,  no  more 
pruffiated  alkali  can  be  obtained  than  from  two  of  blood  and 
one  of  alkali. 

From  what  has  been  fo  far  hated  the  author  concludes,  after 
varying  and  repeating  the  experiments  here  detailed, 


1.  That 
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1.  That  four  parts  of  blood  to  one  of  caibonate  of  potath  are  Bed  proportion 

too  much,  and  that  equal  parts  of  blood  and  carbonate  of  potafli  'dried 

are  rather  good  proportions  for  obtaining  the  moft  poffible  blood,  are  i  p. 
quantity  of  pruffiated  alkali.  The  latter  proportions  have,  ami  2  b* 
moreover,  the  difadvantage,  that  the  excefs  of  alkalis  acts 

upon  the  oxide  of  iron  of  the  blood  as  well  as  upon  the  cru¬ 
cible,  and  therefore  introduces  new  impurities.  Two  parts 
of  blood  and  one  of  carbonate  of  potafli,  appear  to  be  a 
better  proportion  for  obtaining  the  greatefl  poffible  quantity 
of  pruffiate  of  potaffi,  under  like  circumftances. 

2.  Alcalies  deprived  of  carbonic  acid,  are  not  better  than  It  is  no  advan- 
carbonated  alkalies  for  the  production  of  pruffiated  alkalies 

by  treatment  with  blood  ;  for  they  become  reconverted  into 
carbonated  alkalies  during  the  procefs. 

3.  No  pure  pruffiate  of  potaffi  can  be  obtained,  except  care  The  formation 
be  taken  that  the  mixture  of  blood  and  alkali  be  neither  too°f  p?re  Pruffiatv* 
much  nor  too  little  ignited.  The  criterion  which  may  fervedual  heatwith- 
as  a  guide  to  the  operator,  is  the  ceflation  of  the  flame,  after  out/u*'lon,,an<i 
a  gradually  increafed  ignition  without  fufion.  For  if  the  mafs  till  the  flame 
be  heated  fuddenly  fo  as  to  effeCt  a  partial  fufion,  or  if  it  beceafes* 
continued  after  the  difappearance  of  the  flame,  it  will  be  in 

vain  to  look  for  pure  pruffiated  alkali. 

4.  The  high  colour  of  pruffiated  alkalis  is  not  always  owing  When  the  high 
to  the  prefence  of  iron,  but  more  frequently  to  a  minute ari^sfmrn char"* 
quantity  of  charcoal.  This  impurity  is  not  capable  of  yielding  coal,  it  does  not 
refults  that  could  miflead  the  chemical  enquirer  in  the  appli-Produce  ^allacy» 
cation  of  this  re-agent. 

5.  The  quantity  of  water  employed  for  the  lixiviation  of  Very  little  water 

pruffiated  alkali  from  the  ignited  mafs.  fliould  be  as  fmall  as  ^ou'd  he  u^d» 

1  11,  .  and  heat  avoid- 

poffiblc,  and  heat  fliould  be  avoided  as  much  as  poffible.  For  ed. 

if  pruffiated  alkalis  be  heated  in  contact  with  water,  part  of 
the  pruflic  acid  is  liberated,  ammonia  is  produced,  and  car¬ 
bonate  of  potafli  formed. 

6.  Acetic  acid  cannot  be  employed  for  removing  the  ad- Acetic  acid  can- 

mixture  of  carbonate  of  potafli  from  pruffiated  alkalis;  for  the  no}  to  i 

energy  of  the  affinity  ol  pruflic  acid  is  Iefs  than  the  energy  of dundant  potato, 
the  affinity  of  carbonic  acid  to  potafli ;  the  union  of  the  pruflic 

acid  and  potafli  is  therefore  demoliflied,  in  preference  to  that 
of  the  car bonate  of  potafli. 
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New  metal* 
Rhodium. 


Palladium  found 
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Remaining  fo- 
Jution  after  pre¬ 
cipitation  of  pla¬ 
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iron  and  other 
metals. 


Precipitable  by 
zinc  or  iron. 


On  a  new  Metal ,  found  in  Crude  Platina.  By  William  H  y  dr 

Wollaston,  M.  D.  F.  R.S,  From  the  Philofophical  Tranf 

actions ,  1 804-. 

Notwithstanding  i  was  aware  that  m.  Defcotiis 

had  aferibed  the  red  colour  of  certain  precipitates  and  falts  of 
platina,  to  the  prefence  of  a  new  metal ;  and  although  Mr. 
Tennant  had  obligingly  communicated  to  me  his  difeovery  of 
the  fame  fubftance,  as  well  as  of  a  fecond  new  metal,  in  the 
fhining  powder  that  remains  undiflbl  ved  from  the  ore  of  platina ; 
yet  I  was  led  to  fuppofe  that  the  more  foluble  parts  of  this  mi¬ 
neral  might  be  deferving  of  further  examination,  as  the  fluid 
which  remains  after  the  precipitation  of  platina  by  fal  ammo¬ 
niac,  prefents  appearances  which  I  could  not  aferibe  to  either 
of  thofe  bodies,  or  to  any  other  known  fubflance. 

My  inquiries  having  terminated  more  fucccfsfully  than  I  had 
expected,  I  defign  in  theprefent  Memoir  to  prove  the  exi (fence, 
and  to  examine  the  properties,  of  another  metal,  hitherto  un¬ 
known,  which  may  not  improperly  be  diflinguifhed  by  the  name 
of  Rhodium,  from  the  rofe-colour  of  a  dilute  folution  of. the 
falts  containing  it. 

I  fhall  alfo  take  the  fame  opportunity  of  ftating  the  refill t  of 
various  experiments,  which  have  convinced  me,  that  the  me¬ 
tallic  fubflance  which  was  lafl  year  offered  for  fale  by  the  name 
of  Palladium,  is  contained  (though  in  very  fmall  proportion) 
in  the  ore  of  platina. 

The  colour  of  the  folution  that  remains  after  the  precipitation 
of  platina,  varies,  not  only  according  to  its  flate  of  dilution,  but 
alfo  according  to  the  flrength  and  proportions  of  the  nitric  and 
muriatic  acids  employed.  This  colour,  though  principally 
owing  to  the  quantity  of  iron  contained  in  it,  arifesalfo  in  part 
from  a  fmall  quantity  of' the  am moniaco- muriate  of  platina,  that 
neceffarily  remains  dilfolved,  and  from  other  metals  contained 
in  flill  fmaller  proportions. 

(A.  1.)  To  recover  the  remaining  platina,  as  well  as  to  fe- 
parate  the  other  metals  that  are  prefent  from  the  iron,  I  have 
in  fome  experiments  employed  zinc,  in  others  iron,  for  their 
precipitation.  The  former  appears  preferable;  but,  when  the 
latter  has  been  ufed,  the  precipilate  may  immediately  be  freed 
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from  the  iron  that  adheres  to  it,  by  muriatic  acid,  without  the 
iofs  of  any  of  thofe  metals  which  are  at  prefent  the  lubjebt  of 
iniquiry. 

(A  2.)  Having  in  one  inftance  dilTolved  fuch  a  precipitate  in  The  famereih* 
nitro-muriatic  acid,  and  precipitated  the  platina  by  fal  ammo-  Solution 
mac,  1  I  unered  the  remaining  fluid  to  evaporate  without  heat ;  by  fpontaneouy 
and  obtained  a  mixture  of  various  cryftals,  very  different  fromevaP» 
each  other  in  form  and  colour.  From  thefe,  I  felebled  for  exa¬ 
mination  fome  that  were  of  a  deep  red  colour,  partly  in  thin 
plates  adhering  to  the  tides  of  the  vetTel,  and  partly  in  the  form 
of  fquare  prifms  having  a  rectangular  termination. 

(A  3.)  A  portion  of  thefe  cryftals  being  heated  in  a  fmall  Deep  red  cryftals 
tube,  yielded  fal  ammoniac  by  fublimation,  and  left  a  black  a. lw^lte 
refiduum,  which,  by  greater  heat,  acquired  a  brilliant  metallic 
whitenefs,  but  could  not  be  fufed  under  the  blowpipe.  Having «*not  plating, 
obtained  this  fubftance  from  a  diftinCfly  cryftallized  fait,  I  was 
inclined  to  confider  it  as  a  ftmple  metal;*  and,  as  I  found  it  to 
be  wholly  infoluble  in  nitro-muriatic  acid,  I  judged  it  not  to  be 
platina. 

(A  4.)  The  cryftals  alfo,  inftead  of  being  nearly  infoluble.  The  cryftals 

like  the  ammoniaco-muriate  of  platina,  were  diftolved  in  a  fmall  vyere  noc  °(  Pla* 

r  .  tma,  nor  that 

quantity  of  water,  and  gave  a  rofe-coloured  folution.  Upon  which  makes  the 

mixing  this  with  a  folution  of  platina,  the  ammonia  was  tranf-fa!Js  °*  Platma 

ferred  by  fuperior  affinity  to  the  latter,  forming  an  ammoniaco- 

muriate  of  platina;  and  the  precipitate  was  of  a  yellow  colour. 

Confequently,  the  metal  contained  in  the  fait,  was  neither 

platina  nor  that  which  gives  the  red  colour  to  the  falts  of 

platina. 

It  would  be  ufelefs  to  detail  my  firft  unfuccefsful  experiments  The  bafe  was  the 
made  upon  the  properties  of  this  metal,  in  hopes  of  d i fe o v e r i n g  ™_^a ^  0 ^ ; u m 
means  by  which  its  reparation  from  platina  might  be  effected  ;ticed„ 

I  (hall  therefore  confine  myfelf  to  the  following  procefs,  which 
appears  to  be  the  moft  direct  for  procuring  rhodium  in  a  ftate 
of  purity.  In  the  fame  procefs  alfo  palladium  is  obtained,  fo 
as  to  afford  a  prefumption,  that  it  is  rather  a  natural  ftmple 
body,  than  any  artificial  compound. 

(B  l.)  S  ince  the  platina  to  be  procured  in  this  country,  Procefs  for  ob- 

generally  contains  fmall  fcales  of  gold  intermixed,  as  well  asa^im,Ig  ;t* 

.  c  .  .  *  .  p  ,  i  r  ,  Purification  of 

portion  of  the  mercury  winch  the  Spaniards  employ  tor  the  the  pUtin  i- 

reparation  of  the  gold,  the  platina  ufed  for  my  experiments, £rams* 

alter  being  by  mechanical  means  freed,  as  far  as  poftible,  from 
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Solution  of  the 

©reinnitro-mur. 

acid. 


Precipitation  by 
fal  amm. 


Refidual  liquor 
precipitated  by 
zinc. 


Precipitate  de¬ 
prived  of  copper 
and  lead  by  nitric 
acid  ;  and  then 
diflblved  (tnoft 
part)  in  nitfo-m. 
acid. 


all  vifible  imparities,  was  expofed  to  a  red  heat,  for  the  pttr^ 
pofe  of  expelling  the  mercury.  It  was  then  digefted  for  fome 
time  in  a  fmall  quantity  of  dilute  nitro-muriatic  acid,  and  fre¬ 
quently  fhaken,  till  the  whole  of  the  gold  was  ditfolved,  toge¬ 
ther  with  any  impurities  that  might  fuperficially  adhere  to  the 
grains  of  platina. 

(B  2.)  Of  the  ore  thus  prepared,  nearly  2f  ounces  were  then 
diflTolved  in  nitro-muriatic  acid,  (diluted  for  the  purpofe  of 
leaving  as  much  as  pofllble  of  the  fhining  powder,)  and  the 
whole  buffered  to  remain  in  a  moderate  fand  heat,  till  com¬ 
pletely  faturated. 

(B  3.)  Such  a  portion  of  this  folution  was  then  taken  for 
analyfis,  as  correfponded  to  1000  grains  of  the  prepared  ore. 
An  ounce  of  fal  ammoniac  was  next  ditfolved  in  hot  water, 
and  ufed  for  the  precipitation  of  the  platina.  The  precipitate 
obtained  was  of  a  yellow  colour,  and,  upon  being  heated, 
yielded  815  grains  of' purified  platina. 

(B  4,)  The  water  ufed  for  wafhing  this  precipitate  having 
been  added  to  the  folution  poured  from  it,  a  piece  of  clean  zinc 
was  immerfed  in  it,  and  fuffered  to  remain,  till  there  appeared  to 
be  no  further  action  upon  the  zinc.  The  iron  contained  in  the 
ore  (to  the  amount  of  14  or  15  per  cent.J  remained  in  folution. 
The  other  metals  had  fublided,  in  the  form  of  a  black  pow’der, 
which  I  efti mated  between  40  and  50  grains;  but,  as  there  was 
no  occation  to  weigh  it  with  accuracy,  I  thought  it  betler  not  to 
dry  this  precipitate,  for,  if  it  be  heated,  the  rhodium  is  in  dan¬ 
ger  of  being  rendered  infoluble. 

(B  5.}  As  I  had  previoufly  afeertained  that  this  precipitate 
would  contain  platina,  rhodium,  the  fubfiance  called  palladium, 
copper,  and  lead,  the  two  laft  metals  were  ftrfl  diffolved  in 
very  dilute  nitric  acid,  aided  by  a  gentle  heat.  The  remainder, 
after  being  wafhed,  was  digefted  in  dilute  nitro-muriatic  acid, 
which  diflblved  the  greater  part,  but  left  as  much  as  \\  grains 
undiffolved.* 


Addition  of 
•ommon  fait  and 
evap.  left  foda- 
muriates  of 
platina,  pal'adi- 
um  and  rhodium, 
AH  but  the  triple 
fa’.t  of  ihodium 
was  wafhed  oft 
by  alcohol. 


(B6.)  To  the  folution  were  added  20  grains  of  common 
fait ;  and,  when  the  wdiole  had  been  evaporated  to  drynefs  with 
a  very  gentle  hpat,  therefiduum,  which  I  had  found,  from  prior 

*  It  was  prefumed  that  this  refiduum  confifted  principally  of  the 
metal  called  by  Mr.  Tennant  Iridium  ;  but,  as  it  was  accidentally 
miflaid,  and  was  not  examined,  it  might  alfo  contain  a  portion  of 
rhodium. 


expert- 
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experiments,  would  confift  of  the  foda-muriates  of  platina,  of 
palladium,  and  of  rhodium,  was  walked  repeatedly  with  Imall 
quantities  of  alcohol,  till  it  came  off  nearly  colourlets.  There 
remained  a  triple  (alt  of  rhodium,  which  by  thefe  means  is  freed 
from  all  metallic  impurities. 

(C.  I.)  This  fait,  having  been  diffolved  in  a  fmall  quantity  of  Solution  in 
hot  water,  and  let  to  (land  12  hours,  formed  rhomboidal  cryf- 
tals,  ot  which  the  acute  angle  was  about  75°. 

(C  2.)  It  was  then  again  diffolved  in  water,  and  divided  into  One  half  pre- 
two  equal  portions.  Of  thefe,  one  was  decompofed  by  a  piece  Clp*  b^  z‘nc* 
of  zinc,  and  the  other  examined  by  the  following  re-agents. 

(C  3.)  Sal  ammoniac  occationed  no  precipitation  ;  but,  when  The  other  half 
a  folution  of  platina  was  added  to  the  mixture,  a  precipitate  was  ^atina^'but3  not 
immediately  formed,  and  the  colour  of  this  precipitate  wasyel-  by  fal-amm. 
low;  which  again  proves  that  the  metal  contained  in  this  fait, 
is  neither  platina  itfelf  nor  that  which  gives  the  red  colour  to 
its  precipitates. 

(C  4.)  Prufliate  of  potalli  occafioned  no  precipitation,  as  itnor  by  pr.  pot- 
would  have  done,  if  the  folution  had  contained  palladium. 

(C  5.)  Hydro-fulphuret  of  ammonia,  which  would  have  pre- nor  by  hydro- 
cipiiated  either  platina  or  palladium,  cauled  no  precipitation  of  fulpb*  of  amm. 
this  metal. 

(C  6.)  The  carbonates  of  potalli,  of  foda,  or  of  ammonia,  nor  by  carb.  al- 

occalioned  no  precipitation  ;  but  the  pure  alkalis  precipitated  a  kalis  >ltbu*  bj! , 
r  1  1  .  pure  alk.  loiuble 

yellow  oxide,  foluble  by  excefs  of  alkali,  and  alio  foluble  in  in  acids. 

every  acid  that  I  have  tried. 

(D  I .)  The  folution  of  this  oxide  in  muriatic  acid,  upon  being  Muriatic  folution 
evaporated,  did  not  cryftailize  ;  the  refiduum  was  foluble  in  ot  r^odlum4 
alcohol,  and  of  a  rofe  colour.  Sal  ammoniac,  nitre,  or  common 
fait,  caufed  no  precipitation  from  the  muriatic  folution;  but 
formed  triple  (alts,  which  were  not  foluble  in  alcohol. 

(D  2.)  The  folution  in  nitric  acid  alfo  did  not  cry  flail  izfc.  A  Nitric  folution, 
drop  of  this  folution,  being  placed  upon  pure  diver,  occafioned 
no  (lain.  On  the  furface  of  mercury  a  metallic  film  was  preci¬ 
pitated,  but  did  not  appear  to  amalgamate.  The  metal  was 
alfo  precipitated  by  copper  and  other  metals,  as  might  be  pre- 
lumed,  from  the  ufual  order  of  their  affinities  for  acids. 

(El.)  The  precipitate  obtained  by  zii)C  (C  2.)  from  the  re-  Thepreclp.  be- 
maining  half  of  the  fait,  appeared  in  the  form  of  a  black  powder,  ^ore  made  by 
weighing,  when  thoroughly  dried,  nearly  2  grains,  correfpond- 
ing  to  about  4  grains  in  the  1000  of  ore  diffolved. 


zinc  was  black; 


(E2.) 


\ 
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unites  with 
metals  except 
mercury. 


(imply  heated,  (E  2.)  When  expofed  to  heat,  this  powder  continued  black  ; 

with  borax,  it  acquired  a  while  metallic  luftre,  but  appeared 
infutible  by  any  degree  of  heat. 

fufible  with  (E3.)  With  arfenic,  however,  it  is,  likeplatina,  rendered 

fulphurand  W  ^u^e>  an^>  like  palladium,  it  may  a!fo  be  fufed  by  means  of 
Metallic  button  fulphur.  The  arfenic,  or  the  lulphur,  may  be  expelled  from 
not  malleable,  p  by  a  continuance  of  the  heat;  but  the  metallic:  button  ob¬ 
tained  does  not  become  malleable,  as  either  of  the  preceding 
metals  would  be  rendered  by  fimilar  treatment. 

(E  4.)  It  unites  readily  with  all  metals  that  have  been  tried, 
excepting  mercury  ;  and,  with  gold  or  filver  it  forms  very  mal¬ 
leable  alloys,  that  are  not  oxidated  by  a  high  degree  of  heat, 
but  become  incrufted  with  a  black  oxide,  when  very  (lowly 
cooled. 

(E  5.)  When  (parts  of  gold  are  united  with  one  of  rhodium, 
although  the  alloy  may  atTume  a  rounded  form  under  the 
blow'pipe,  yet  it  feems  to  be  more  in  the  (fate  of  an  amalgam 
than  in  complete  fufion. 

K 

(E  6.)  When  fix  parts  of  gold  are  alloyed  with  one  of  rho¬ 
dium,  the  compound  may  be  perfectly  fufed,  but  requires  far 
It  does  not  dif-  more  heat  than  fine  gold.  There  is  no  circumfiance  in  which 
colour  gold.  rhodium  differs  more  from  platina,  than  in  the  colour  of  this 
alloy,  which  might  be  taken  for  fine  gold,  by  any  one  who  is 
not  very  much  accuftomed  to  dilcriminate  the  different  qualities 
of  gold.  On  the  contrary,  ihe  colour  of  an  alloy  containing 
tbe  fame  proportion  of  platina,  differs  but  little  from  that  of 
platina.  This  was  originally  obferved  by  Dr.  Lew'is.  “  The 
“  colour  wras  (till  fo  dull  and  pale,  that  the  compound  (five 
“  to  one)  could  fcarcely  be  judged  by  the  eye  to  contain  any 
gold.”* 

I  find  that  palladium  refembles  platina,  in  this  property  of 
defiroying  the  colour  of  a  large  quantity  of  gold.  When  one 
part  of  palladium  is  united  to  fix  of  gold,  the  alloy  is  nearly 
white. 

Solubility  of  (E  7.)  When  I  endeavoured  to  difTolve  an  alloy  of  filver  or 

by0<combinatkirf  K0^  w'^  rh°dium,  the  rhodium  remained  untouched  by 
either  nitric  or  nitro-muriatic  acids ;  and,  when  rhodium  had 
been  fufed  with  arfenic  or  with  fulphur,  or  when  merely  heated 
by  ilfelf,  it  was  reduced  to  the  fame  ftate  of  infolubility.  But, 


Gold  and  rhodi¬ 
um  4  to  i. 


Gold  and  rho¬ 
dium  6  to  one. 


*  Lewis’s  Philofophical  Commerce  of  Ai  ts,  p.  526'. 


when 


"NEW  METAL  FOUND  IN  CRUDE  PLATINA.  39 

when  one  part  of  rhodium  had  been  fufed  with  three  parts  of 
bifmuth,  of  copper,  or  of  lead,  each  of  thefe  alloys  could  be 
diflolved  completely,  in  a  mixture  of  two  parts,  by  mealure, 
of  muriatic  acid,  with  one  of  nitric.  With  the  two  former 
metals,  the  proportion  of  the  acids  to  each  other  feemed  not  to 
be  of  fo  much  confequence  as  with  lead;  but  the  lead  appeared 
on  another  account  preferable,  as  it  was  moft  eafily  feparated, 
when  reduced  to  an  infoluble  muriate  by  evaporation.  The 
muriate  of  rhodium  had  then  the  fame  colour  and  properties, 
as  when  formed  from  the  yellow  oxide  precipitated  from  the 
original  fait.  (D  1.) 

(E8.)  The  fpecific  gravity  of  rhodium,  as  far  as  could  be  Specific  gravity, 
ascertained  by  trial  on  fo  fmall  quantities,  feemed  to  exceed  1 1. 

That  of  an  alloy  confifting  of  one  part  rhodium  and  about  two 
parts  lead,  was  1 1,3;  which  is  fo  nearly  that  of  lead  itfelf,  that 
each  part  of  this  compound  may  be  confidered  as  having  about 
the  fame  fpecific  gravity. 

F.  As  it  was  expe£ted  that  the  alcohol  employed  for  wafhing  The  alcohol 

the  fait  of  rhodium  (B  6.)  would  contain  the  toda-muriates  of  te^r.e  ufed  ^ 

v  '  t  _  warning  the  lalts 

platina  and  of  palladium,  the  platina  was  fir  ft  precipitated  by  examined, 
fal  ammoniac.  This  precipitate  was  of  a  deep  red  colour ;  and, 
when  il  had  been  heated,  to  expel  the  fal  ammoniac,  the  pla¬ 
tina  which  remained  was  of  a  dark  gray  colour. 

(G  1.)  To  the  remaining  folution,  alter  it  had  been  diluted 
to  prevent  any  further  precipitation  of  platina,  I  added  pruf- 
ftateof  potafh,  which  inftantly  occaftoned  a  very  copious  preci¬ 
pitate,  of  a  deep  orange-colour  at  firft,  but  changing  afterwards 
to  a  dirty  bottle-green,  which  I  afcribed  to  iron  contained  in 
the  prulfiate. 

(G  2.)  This  precipitate,  when  dry,  weighed  12^  grains. 

After  it  had  been  heated,  it  left  a  metallic  reftduum,  in  fmall 
grains,  of  a  gray  colour,  weighing  nearly  7  grains.  A  fmall 
portion  of  it  being  heated  with  borax,  communicated  a  dark 
brown  colour  to  the  borax,  as  from  iron,  and  acquired  a  bright 
metallic  luftre,  but  could  not  be  fufed  under  the  blowpipe. 

With  fulphur,  however,  it  fufed  immediately  into  a  round 
globule,  which,  by  floating  upon  mercury,  appeared  of  lefs 
fpecific  gravity  than  that  metal. 

(G  3.)  The  whole  quantity  was  then  treated  in  the  fame 
manner,  and  purified  by  cupellation  with  borax,  till  it  cooled 
wilh  a  bright  furface.  From  the  globule  the  fulphur  was  ex¬ 
pelled. 
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pelled,  by  expofure  to  the  extremity  of  the  flame;  and  it  be¬ 
came  fpongy  and  malleable,  weighing  in  this  date  very  nearly 
five  grains. 

Palladium.  (G  4.)  A  portion  of  this  metal  was  diffolved  in  firong  nitrous 

acid,  was  precipitated  by  green  fulphate  of  iron,  and  in  other 
refpefts,  poffeffed  all  the  properties  aferibed  to  the  palladium 
offered  tor  fale,  in  the  printed  paper  that  accompanied  it,  as 
well  as  others  fince  noticed  by  Mr.  Cnenevix. 

Ifs  differences  (G  5.)  In  its  precipitation  by  pruffiate,  it  differs  moff  effen- 
from  platina.  tialK  from  platina  ;  and  confequently  is  by  no  means  difficult 
to  be  diffingu  (bed,  or  feparated  from  it. 

(G.  6.)  1'tie  a6tion  of  muriate  of  tin  upon  the  folutions  of 
thefe  metals,  is  alfo  totally  different.  A  dilute  (elution  of  pla¬ 
tina,  is  thereby  changed  from  a  pale  yellow  to  a  iranf parent 
blood-red.  A  folution  of  palladium,  on  the  contrary,  ufuallv 
becomes  opaque,  by  the  formation  of  a  brown  oi  black  preci¬ 
pitate;  but,  if  mixed  in  fuch  proportion  as  to  remain  tranlpa- 
rent,  it  changes  to  a  beautiful  emerald -green. 

(G  7.)  In  the  formation  of  triple  falls  with  the  alkalis,  as 
obferved  by  Mr.  Chenevix,  palladium  may  be  faid  to  refemble 
platina;  but  the  (alts  thus  formed  are  far  more  foluble  than 
the  correfponding  falts  of  platina,  and  differ  entirely,  in  the 
colour  and  form  of  the  cryftais. 

(G  8.)  The  foda-muriate  of  palladium  is  a  deliquefeent 
fait;  that  of  platina,  on  the  contrary,  forms  permanent  cry- 
ffals. 


(G  9.)  The  triple  falts  of  platina,  with  either  muriate  of 
ammonia  or  of  potafh,  form  o&aedrai  cryftals  of  a  yellow 
colour,  that  are  very  fparingly  foluble  in  water.  The  corre¬ 
fponding  falts  of  palladium,  likewife  refemble  each  other  in 
every  refpeft.  The  cryffals  are  very  foluble  in  water,  but  in- 
folublein  alcohol;  their  form  is  that  of  a  four-ffded  prifm,  and 
they  each  prefent  a  curious  contraft  of  colour,  that  certainly  is 
not  obfervable  in  any  known  fait  ot  platina. 

Curious  contraft  (G  10.)  Although  the  folution  is  of  a  deep  red,  the  cryffal-j 
of  colour  in  the  are  of  a  bright  green  when  viewed  tranlverfely.  In  the  direc¬ 
tion  of  their  axes,  however,  the  colour  is  the  fame  as  that  a 
the  folution;  but,  on  account  of  its  extreme  intenfity,  it  is  with 
difficulty  diffinguifhed  in  fragments  that  exceed  of  an  inch 
in  thicknefs.  One  confequence  of  this  colour  is  nevcrthelefs 

yery 


falts  of  paila 
diu.n. 
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Very  obi'  rvnhle ;  namely,  that  in  viewing  any  cryftal  obliquely  f 
it  an  ir^  of  a  dull  brown,  that  arifes  from  a  mixture  of  the 

i  ' 

red  and  green.* 

Ti  oaraclers  of  palladium  that  have  been  enumerated,  un-  Probability  that 
doubt edly  belong  to  none  of  the  fimple  fubflances  that  w  e  are  was* mifleTto* 
acqua  .led  with;  and  no  experiment  that  1  have  made,  has  infer  that  palla- 
tend'.d  to  confirm  the  fufpicion  of  its  being  a  compound,  con- <1:Urn,sa  toiy)- 
lifting  of  any  known  ingredients.  The  experiments  above  being  found  in 
related,  fhow  evidently,  that  the  ore  of  platina  contains  a  very  P*atma* 
fma!l  quantity  of  palladium  ;  and  it  is  not  unlikely  that  this  may 
have  been  a  conftituent  part  of  fome  of  the  compounds  obtained 
bv  Mr.  Chenevix,  and  may  have  mifled  him,  by  fome  pro¬ 
perties  which  he  would  confequently  obferve,  into  the  fuppo- 
fition  that  he  had  formed  palladium. 

It  is  not,  however,  without  having  repeatedly  endeavoured  to  All  attempts  of 

imitate  his  experiments,  that  I  have  ventured  to  dilfent  from  i'llc  autll0.r  t0 

'  _  compare  it  were 

lud)  authority.  I  made  many  attempts  to  unite  pure  platina  unfucccfsful. 
with  mercury,  by  folution,  and  by  amalgamation ;  but  without 
fuccelSj  in  any  one  inftance. 

From  a  folution  of  platina,  carefully  neutralized,  as  Mr. 

Chenevix  directs  with  red  oxide  of  mercury,  and  mixed  with 
a  folution  of  green  fulphate  of  iron,  I  indeed  obtained  fuel)  a 

*  The  change  of  colour  above  deferibed,  though  certainly  un¬ 
common,  is  neverthelefs  not  peculiar  to  the  falts  of  palladium,  hut 
may  be  teen  alfo  in  fame  kinds  of  tourmalin.  Among  thofe  which 
come  to  us  from  Ceylon,  fome  are  tranfparent;  and  one  variety  is 
of  a  deep  red  in  the  direction  of  its  axis,  but  of  a  yellowifh  green 
when  viewed  tranfverfely.  There  is  alfo  a  correfponding,  but  op- 
pofite  contrafi:  of  colours,  that  has  been  obferved  by  Muller,  and 
deferibed  by  Bergmann,  in  fome  of  the  Tyrolefe  tourmalins.  The 
general  albeit  of  thefe  ftones  is  black,  and  apparently  opaque. — 

Some,  however,  of  which  the  fra£ture  is  vitreous,  are  found  to 
tranfmit  a  yellowilh-red  light  when  viewed  tranfverfeJy,  but  in  the 
direction  of  their  axis  the  colour  is  a  dull  bottle  green. 

In  each  of  thefe  tourmalins,  as  well  as  in  the  falt.s  of  palladium, 
the  colour  in  the  dire6lion  of  the  axis  is  at  lealt  ten  times  more  intenfe 
than  in  the  tranfverle  direction.  A  thin  lamina,  cut  from  the  end 
of  a  Tyro’el  tourmalin  for  thispurpofe,  tranfmitted  novilible  light, 
till  it  was  reduced  to  ^  of  an  inch  in  thicknefs;  and,  when  lefs 
than  T -'--g.  of  an  inch,  it  was  not  more  tranfparent  than  another 
portion  of  the  fame  cryftal  feen  tranfverfely,  y1^  of  an  inch  in  thick  - 
pels. 

precipitate 
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precipitate  of  metallic  Hakes  as  he  defcribcs ;  but,  upon  exami¬ 
nation  of  thcfe  Hakes,  they  yielded  mercury  by  diftillation ;  and 
the  remainder  confided  of  platina  combined  with  a  portion  of 
iron,  but  had  not  any  properties  which  I  could  fuppofe  owing 
to  the  prefence  of  palladium. 

Other  fa£h  and  Upon  comparing  the  fpecific  gravity  of  this  fubdance,  which 

Aow'th  lt'palU-  was  to  be,  at  mod,  11,8,  with  that  of  mercury  or  of  platina, 
(turn  is  a  fimple  I  was  always  drongly  inclined  to  doubt  the  poflibility  of  its 
inLUl*  being  compofed  of  thefe  metals.  I  could  recollect  no  one 

indance,  in  which  the  Ipecific  gravity  of  any  compound  is  lefs 
than  that  of  its  lighted  ingredient,  and  could  not,  without  care- 
fuhexamination,  admit  the  fuppofition,  that  mercury  could  be 
rendered  lighter  by  intimate  union  with  platina.  It  now  ap-‘ 
pears  fully  confirmed  that  this  perfuafion,  anting  from  uniform 
experience,  was  well  founded;  for,  if  we  contider  the  diffi¬ 
culty  of  producing  even  an  imperfeCt  imitation  of  palladium, 
the  failure  of  all  attempts  to  refolve  it  into  any  known  metals, 
the  facility  of  feparaLing  it  from  any  mixed  dilution  of  thofe 
which  it  has  been  fuppofed  to  contain,  as  well  as  the  number 
and  didinCtnefs  of  its  charaCteridic  properties,  J  think  we  mud 
clats  it  with  thofe  bodies  which  we  have  mod  reafon  to  confi- 
der  as  fimple  metals. 


Letter  from  Mr.  Wm.  Wilson,  exhibiting  the  Electricity  of 
Metals,  without  the  Help  of  any  condenfmg  Injlrumtnt . 


SIR, 


To  Mr.  NICHOLSON. 

,  London,  Dec.  22,  180 1. 


Whether  the  w  HEN  I  fet  about  making  the  compound  eleCtrical  con- 
netalT'lor^be  ^en^er  deferibed  in  my  lad  letter  to  you,  I  intended  to  repeat 
the  effedt  of  the  the  experiments  of  Cavallo  relating  to  the  electricity  obtained 
contact  or  the  bv  the  contact  of  metals  related  in  the  third  volume  of  the 
fourth  edition  of  his  Yreatife  of  Electricity  ;  but  before  the 
indrument  was  finiffied,  1  was  induced  (by  (ome  experiments 
1  had  made  relative  to  the  caul'e  of  excitation  of  electricity)  to 
luppofe  that  it  is  not  the  conlaCt  of  the  metals  that  is  the  caufe 
of  the  appearance  of  electrical  figns,  but  the  reparation  of  the 

metals 
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metals  from  contaCt.  And  this  luppofition  was  very  much 
ftrengthened,  when,  upon  examination,  I  found  that  all  who 
have  made  experiments  on  this  fubjeCt  have  feparaled  the  metals 
from,  contact  before  they  examined  them  as  to  their  electricity. 

If  the  contact  of  the  two  metals  be  the  caufe  of  the  eleCtri-  — -determinable 
cal  figns,  the  whole  efFeCt  that  one  metal  can  have  on  anotner  tilc 

will  be  communicated  at  the  time  of  contaCt,  however  few  the 
points  are  that  form  the  contact,  becaufe  both  the  metals  being 
conductors  of  electricity,  if  one  poffePed  a  greater  proportion 
of  it  than  the  other,  a  part  will  be  communicated  to  the  other 
at  the  time  of  contaCt,  to  form  an  equilibrium,  and  this  will 
be  done  as  well  by  a  few  points  of  contaCt  as  by  a  great  many. 

But  if  it  is  the  feparating  them  from  contaCt,  that  is  the  caufe 
of  the  electrical  fign,  the  more  extenfive  the  contact  is  the 
more  powerful  will  the  figns  be  when  the  metals  are  feparated. 

To  put  this  to  the  teft  of  experiment,  I  pierced  a  piece  of  Sieve  of  one 
thin  flieet  copper  full  of  fmall  holes,  juft  big  enough  to  permit  meta^  and 
to  pals  through  them  two  or  three  particles  of  filings  of  another 
metal  at  a  time,  fo  that  almoft  every  particle  muft  be  in  con¬ 
tact  with  the  copper  before  it  can  pafs  through,  and  confe- 
quently  the  furface  of  contact  be  very  great  with  a  compara¬ 
tively  final!  quantity  of  metal. 

I  fitted  through  this  copper  fieve  fame  filings  of  zinc  into  a 
tin  plate  laid  on  the  cap  of  a  gold  leaf  electrometer,  and  the 
gold  leaves  diverged  near  an  inch  with  pofitive  eleCtricity, 
when  about  half  an  ounce  of  filings  had  been  lifted  into  it- 
Encouraged  by  this  ftriking  refult,  I  procured  fieves  and  filings 
of  different  metals.  The  refults  of  the  trials  with  them  are 
contained  in  the  following  table;  where  P  ftands  for  pofitive 
eleCtricity,  N  for  negative,  and  when  it  was  not  Prong  enough 
to  effeCt  the  electrometer,  that  is  denoted  by  O. 


Filings  of 

Sifted  through 

EffeCL 

Copper 

o. 

Tin 

N.  Prong 

Copper 

Silver 

O. 

Zinc 

P.  Prong 

Lead 

N. 

Copper 

9 

P.  Prong 

Tin 

O. 

Zinc 

Silver 

P.  Prong 

Zinc 

P.  exceeding  weak 

Lead 

O. 

Refults  of  ex¬ 
periments. 
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Filings  of 

Sifted  through 

Effect. 

Refults  of  ex¬ 
periments. 

Tin 

Copper 

Tin 

Silver 

Zmc 

Lead 

P.  ra  her  Prong 

N.  very  weak 

P.  Along 

O. 

N.  weak 

Silver 

Copper 

Tin 

Silver 

Zmc 

O. 

N.  w  eak 

O. 

N. 

Steel 

Copper 

Tin 

Silver 

Zinc 

Lead 

N.  very  Prong 

N.  ditto 

N.  ditto 

N.  ditto 

N.  ditto 

i  Lead 

Copper 

Tin 

Silver 

Zmc 

Lead 

P.  very  Prong 

O. 

P.  very  Prong 

P.  not  quite  to  Prong  as  with 
O.  [Piver 

Bra  fs 

• 

Copper 

Tin 

Silver 

Zinc 

Lead 

P.  very  Prong 

N.  Prong 

P.  Prong 

O. 

«NT. 

Bifmuth 

i 

Copper 

Tin 

Silver 

Zinc 

Lead 

P.  exceeding  Prong 

O. 

P.  exceeding  Prong 

P.  Prong 

N. 

Antimony 

. 

Copper 

Tin 

Silver 

Zinc 

Lead 

1 

O. 

N.  very  Prong 

P.  Prong 

N.  Prong 

N.  very  Prong 

; 

Nikel  ! 

Copper 

Tin 

Silver 

Zinc 

Lead 

1 

P.  exceeding  Prong 

P.  Prong 

O. 

P. 

In 
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In  all  the  above  experiments  there  was  a  large  furface  of 
conta£l,  and  the  ele£trometer  only  was  ufed ;  but  in  thole  made 
by  Cavallo  and  others  who  had  a  very  fmall  furface  of  contact, 
cle&rical  ligns  could  not  be  made  to  appear  without  the  help 
of  doublers,  multipliers,  &c.  of  electricity.  I  therefore  think 
there  can  be  no  doubt  about  the  feparating  the  metals  from  con- 
tad  being  the  caufe  of  their  appearing. 

If  you  think  the  above  worthy  of  a  place  in  your  Phliofophi- 
cal  Journal,  you  will  very  much  oblige  me  by  inlerting  it  therein. 
I  am  your  obedient  humble  fervant, 

WM.  WILSON. 


XII. 

Analytical  Experiments  and  Obfervalions  on  Lac.  By  Charles 
H  atchett,  Efq.  Partly  abridged,  but  chiejly  er trafted 
from  the  Philofophical  TranfaEtions  for  1804,  by  W.  N. 

It  is  uncertain  at  what  time  the  ufeful  fubftance,  called  Lac,  ufes  of  lac 
firft  became  known  in  Europe.  It  has  long  been  ufed  by  the  cul,ar  to  India. 
Indians  for  purpofes  different  from  thofe  to  which  it  is  applied 
in  Europe.  In  particular  as  Mr.  Wilkins  informed  the  author.  Aqueous  folutioa 
they  dilfolve  (hell  lac  in  water  by  the  addition  of  a  little  borax,  ^  bo^ax  afr°rci3 
and  by  adding  lamp  black  or  ivory  black,  they  obtain  an  ink> 
not  eafily  affeded  by  water,  when  dry. 

The  natural  hiftory  of  lac,  which  is  the  nidus  of  the  coccus  Natural  hi  {lory 
or  chermes lacca,  has  been  detailed  by  Mr.  Kerr,  Mr.  Saun-  ot  lac* 
ders,  and  Dr.  Roxburgh,  in  the  Philofophical  TranfaCtions 
for  1781,  1789,  and  1791.  It  is  difiinguifhed  into  four  kinds,  Four  k;n(^ 
of  which,  however,  only  three  are  commonly  known  in  com¬ 
merce,  viz.  flick  lac,  feed  lac,  and  fhell  lac;  the  difference 
of  thefe,  with  that  of  the  fourth,  called  lump  lac,  is  as  follows. 

1.  Stick  lac,  is  the  fubftance  or  comb  in  its  natural  ftate,  lt  stick  lac. 
incrufting  fmall  branches  or  twigs. 

2.  Seed  lac,  is  faid  to  be  only  the  above,  which  has  been  fe-  2,  Seed  lac. 
parated  from  the  twigs,  and  reduced  into  fmall  fragments;  but 

I  fufpefl  it  to  have  undergone  fome  other  proccfs,  as  I  have 
found  the  beft  fpecimens  to  be  very  confiderably  deprived  of 
the  colouring  matter.* 

3.  Lump 

*  Mr.  Wilkins  informs  me  that  the  Crude  lac,  as  it  is  taken  from 
the  branches  and  twigs  of  the  trees,  is  ufually  deprived  of  its  colour¬ 
ing 


4  6 

3*  Lump  lac. 

4.  Shell  lac. 

How  made  from 
the  cells. 


Lac  is  moftly 
had  from  Adam. 

Bcft  quality. 


Cnemifts  have 
paid  little  att*n 
tion  to  kc. 
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3.  Lump  lac,  is  formed  from  (eed  lac,  liquefied  by  fire,  and 
formed  into  cakes.  And, 

4.  Shell  lac,  according  to  Mr.  Kerr  and  Mr.  Saunders,  is 
prepared  trom  the  cells,  liquefied,  drained,  and  formed  into 
thin  tranfparent  laminae,  in  the  following  manner. 

<(  Separate  the'cells  from  the  branches;  break  them  into  fmall 
**  pieces;  throw  them  into  a  tub  of  water,  for  one  day  ;  wafli 
“  off  the  red  water;  dry  the  cells,  and  with  them  fill  a  eylindri- 
“  cal  tube  of  cotton  cloth,  two  feet  long,  and  one  or  two  inches 
<l  in  diameter;  tie  both  ends,  and  turn  the  bag  above  a  charcoal 
“  fire;  as  the  lac  liquefies,  twifi  the  bag,  and,  when  a  fufficient 
**  quantity  has  tranfuded  the  pores  of  the  cloth,  lay  it  upon  a 
“  fmootli  junk  of  the  plantain  tree,  and  with  a  drip  of  the  plan- 
e<  tain  leaf  draw  it  into  a  thin  lamella  ;  take  it  off  while  flexible, 
“  for  in  a  minute  it  will  be  hard  and  brittle.”  f 

The  degree  of  preflure  on  the  plantain  tree,  regulates  (ac¬ 
cording  to  Mr.  Saunders)  the  thicknefs  of  the  fhell ;  and  the 
quality  of  the  bag  determines  its  finenefs  and  tranfparency. 

Alfam  furnifhes  the  grealed  quantity  of  the  whole  of  the  lac 
now  in  ufe.  J 

Mr.  Kerr  ((peaking  of  dick  lac)  obferves,  that  the  bed  lac 
is  of  a  deep  red  colour ;  for,  if  it  is  pale  and  pierced  at  the  top, 
the  value  is  diminiflicd,  becaufe  the  mfe6ls  have  left  their  cells, 
and  conlequently  thefecan  be  of  no  ufe  as  a  dye  or  colour,  but 
probably  may  be  better  for  varnifhes. 

The  feed  lac  which  I  have  examined,  contained  but  little  of 
the  colouring  matter,  and  appeared  (as  I  have  already  obferved) 
to  have  undergone  fome  procefs  of  purification;  blit,  of  all  the 
varieties,  fhell  lac  contains  the  lead;  of  the  tinging  fub dance,  as 
may  well  be  expected,  when  the  mode  of  preparing  it  is  con¬ 
fide  red. 

/It  is  remarkable,  that  although  lac  has  been  known,  and  im- 
’  ported  into  Europe,  during  fo  long  a  time  that  Ihe  date  cannot 
now  be  ascertained,  yet  it  has  but  little  attracted  the  attention 
of  chemids. 

ing  mx  tterby  boiling,  having  been  previoufly  reduced,  by  pounding 
into  fmall  fragments.  Jn  Bengal,  the  filk.  dyers  are  the  people  who 
thus  produce  what  we  call  the  feed  lac,  which  they  do  for  the  fake 
of  the  colour. 

-f  Phil.  Trans.  1781,  p.  378. 
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X  Phil.  Tranf.  1789,  p.  109. 
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The  firft  chcmift  of  eminence  who  mentions  it,  and  the  only  Experiments  of 
one  who  has  (ubje<5ted  it  to  any  thingr  like  a  regular  examination,  Gc  !lrroy  tae 
is  the  younger  Geoffroy,  whofe  Paper  is  publifhed  in  the  Menu 
del' Acad,  de  Paris  lor  the  year  171k*  In  this  Paper,  Mr. 

Geoftroy  feems  to  have  been  chiefly  induced  to  examine  it  on 
account  of  its  tinging  fubftance ;  but  he  neverthejefs  has  not 
neglected  the  fubltance  which  conflitutes  the  cells.  This  he 
conflders  to  be  a  fort  of  wax,  very  diflinft  from  the  nature  of 
gum  or  refin.  But  it  is  to  be  obferved,  that  he  formed  this  . 
opinion,  not  (o  much  upon  the  relulls  of  chemical  experiments, 
as  upon  the  cellular  conftrudlion  obferved  in  the  flick  lac, 
which,  as  he  juflly  remarks,  demonftrates  it  to  be  formed  by 
infects,  alter  the  manner  that  the  honeycomb  is  formed  by  bees; 
and  that  it  is  not  therefore,  as  fome  have  fuppofed,  a  gum  or 
refin,  which  has  exuded  from  vegetables  Amply  punctured  by 
infers. f 

Geoffroy  and  Lemery  obtained  from  lac,  by  diflillation, _ and  Lemery. 

fome  acid  liquor,  and  a  butyraceous  fubftance.  Moreover, 

Geoffroy  obferves,  that  when  flick  lac  was  thus  treated,  fome 
ammonia  was  alfo  obtained,  but  not  when  feed  lac  was  em¬ 
ployed. 

He  alfo  mentions  another  fort  of  lac,  brought  from  Mada- Another  lac 
gafear,  and  called  by  the  natives  Lit-in-bitfic .  This  fubftance,  which  aPPears 
he  fays,  is  fcarcely  to  be  diflinguifhed  from  bees-wax,  which  it  Pe.^ofChbau6 
much  refembies  in  colour  and  odour;  and  that  it  is  produced  by 
a  grayilh  infe<5t,  much  larger  than  the  chermes  lacca.  It  is  evi¬ 
dent  however,  from  GeofFroy’s  defeription,  that  this  fubftance 
is  very  different  horn  the  common  lac;  and  there  can  be  little 
doubt,  but  that  it  is  the  fame  as  that  which  was,  a  few  year* 
ago,  examined  by  Dr.  Pearlon,  under  the  name  of  white  lac, 
a  fubftance  refembling  the  Pe-la  of  the  Chinefe.  \ 

Geoffroy  (as  I  have  flated)  confidered  lac  as  a  fort  of  wax.  Notions  ofehe- 

and  fince  his  time  it  has  fcarcely,  if  at  all,  been  fubje&ed  to  mifts  concerning 

lac, 

*  Obfervations  fur  la  Gomme  Lacque,  et  fur  les  autres  Matieres 
animales  qui  fourniffent  la  Teinture  de  Pourpre.  Par.  M.  Geoffroy 
le  jeune.  Mem.  del  Acad.  1714.  p  121. 

t  Mr.  Kerr  obferves,  that  as  a  red  fubftance  is  obtained  by  inci- 
fion  from  the  plafo  tree,  very  analogous  to  lac,  it  is  probable,  that 
the  infers  have  little  tiouble  in  animalizing  thefap  of  thefe  trees,  in 
the  formation  of  their  cells.  Phil.  Trans.  1731,  p,  377. 

X  Phil,  Trans.  1734,  p.  383, 
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chemical  examination ;  it  is  not  therefore  furprifing,  that  the 
opinions  of  cheinifis  concerning  it  have  been  various.  Chaptal 
adopts  tiie  opinion  of  Geoflroy,  and  calls  it  a  kind  of  wax  ;  * 
but  Gren  f  and  Fourcroy  j  regard  it  as  a  true  refin. 


Water  extra&s 
the  colour  Horn 
lac. 


Alcohol  dWTolves 
the  refin,  which 
is  a  large  part. 


Vegetable 

gluten. 


Ether  afTc&s  lac 
very  little. 


§  i.  . 

Chemical  Experiments  on  Lac .  Its  Habitudes  with  Solvents. 

I.  Water  digefled  upon  powdered  ftick  lac  becomes  of  a 
deep  crimfon  colour,  and  takes  up  about  10  per  cent.  Seed 
lac  gives  out  no  more  than  2\  or  3  per  cent,  and  (hell  lac  only 
~  per  cent,  by  fimilar  treatment. 

12.  Alcohol  dirtblves  much  of  the  lac,  taking  up  refin  in  a 
clear  folution  if  cold;  but  if  heated,  the  folution  is  turbid  and 
fcarcely  to  be  rendered  trail  (parent,  either  by  repofe  or  fil¬ 
tration. 

The  refill  is  obtained  either  by  evaporating  the  folution  or 
by  pouring  it  into  water  acidulated  with  muriatic  or  acetic  acid. 
The  refin  which  is  thus  precipitated  may  be  feparated  by  the 
filter.  It  amounts  to  67  or  68  per  cent,  in  flick  lac,  and  to 
8S  in  the  feed  lac.  Shell  lac  contains  81  percent,  befides  10 
percent,  which  is  defended  from  the  fpirit,  and  cannot  be  fe¬ 
parated  but  by  fubfequent  operation.  The  refinis  lefs  brittle 
than  other  refin. 

When  the  (hell  lac  was  in  fmall  fragments  only,  thefe  after 
the  firft  reparation  of  the  refin,  retained  their  figure  and  were 
more  bulky,  porous,  and  elaftic.  The  elafticity  was  defiroyed 
by  boiling  water,  and  the  matter  ilfelf  proved  to  be  of  the  na¬ 
ture  of  vegetable  gluten. 

3.  Sulphuric  ether  a6ls  Iefs  powerfully  on  lac  than  alcohol 
does.  It  confiderably  foflens  the  lac;  bul  produces  little  other 


Sulphuric  acid 
converts  it  into 
coal. 


effedl. 

4.  Concentrated  fulpburic  acid  firfi  a£ls  on  the  colouring 
matter  ;  but  after  a  fiiort  digeftion  on  the  fand  bath,  the  fluid 
a£ts  on  the  whole  mafs,  and  becomes  firfi  reddifh  brown,  and 
afterwards  black,  fulphureous  acid  gas  being  evolved,  and  the 
chief  part  of  the  lac  being  at  length  feparated  in  a  ftalc  refem- 
bling  coal. 


*  ChaptaPs  Elements  ;  Englifh  edition.  Vol.  III.  p.  3<S7. 
-f  Principles  of  modern  Chemiftry.  Vol.  I.  p.  388. 

\  Syjlcme  des  Connoijfanccs  chimiques.  Tome  V.  p.  624. 
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5.  Nitric  acid  applied  to  lac  emits  nitrous  gas  at  firfit,  and  Nitric  acid  by  ^ 
caufes  the  lac  to  fvvell  much  at  the  fame  time  that  it  converts  it  time  difFolves  it. 
into  a  deep  opake  yellow  brittle  fubfiance,  which  by  a  fufficiency 
of  nitric  acid,  and  continuance  of  the  digeftion  for  48  hours, 
is  diftblved.  The  folution  however  is  turbid,  and  when  poured  The  folutioif  is' 
into  a  large  quantity  of  diftilled  water,  depofits  fome  yellow- ^epoifits 
ith  flocculi,  which,  being  colleded,  are  found  to  be  a  fort  ofa  wax. 


wax. 

The  filtrated  liquor  is  of  a  bright  golden  yellow  ;  and,  when  The  filtered 

faturated  by  ammonia,  changes  to  orange  colour,  but  does  not folutlon  contains 
.  ,  ,  .  .  ,  ,  r  ,  a  yellow  matter, 

yield  any  precipitate,  nor  any  traces  ot  oxalic  or  malic  acid. 

This  yellow  nitric  folution  is  converted,  by  evaporation,  into  Its  properties), 
a  deep  yellow  fubftance,  which  burns  like  retin,  but  is  foluble  &c* 
in  boiling  water. 

The  alkalis  and  lime,  being  added  to  this  aqueous  folution, 
do  not  produce  any  precipitate,  but  the  yellow  colour  is  very 
confiderably  deepened ;  and,  by  evaporation,  an  orange-coloured 
fubftance  is  obtained,  which  is  (till  eatily  foluble  in  water,  and 
contifts  of  the  deep  yellow  fubftance  above-mentioned,  com¬ 
bined  with  the  alkali  or  lime. 

6.  Muriatic  acid  diftblves  the  colouring  matter  and  gluten  6.  Muriatic  acid 

of  lac  ;  but  its  adtion  on  thefe  is  feeble,  unlefs  the  refin  has  been  cobuISg^mattef 
previoufly  feparated.  and  gluten. 

7.  Acetous  acid,  in  its  effedts,  much  refembles  muriatic  7*  Acetous  acid. 


acid. 

8.  Stick  lac,  feed  lac,  and  (hell  lac,  are  partially  diftblved  by  8.  Acetic  acid 

acetic  acid  :  and,  if  this  be  heated,  a  confiderable  portion  is  a&s  uPoa  tiie 

r  whole  except  th« 

taken  up.  „  wax. 

Tiie  diftblved  part  confifts  of  the  colouring  exiradt,  of  refin, 
and  of  gluten  ;  the  wax  being  the  only  ingredient  which  is  in- 
foluble  in  this  menftruum  ;  but  a  portion  of  the  former  fubftances, 
being  enveloped  by  the  wax,  are  protected  from  the  adtion  of 
the  acetic  acid. 

The  acetic  folution  of  lac  becomes  turbid  when  cold,  and 
depofits  part  of  the  refin;  a  portion  however  remains  in  folu¬ 
tion,  and  may  be  precipitated  by  water ;  after  which,  the  liquor 
retains  fome  gluten  and  colouring  extradt,  which  may  be  pre¬ 
cipitated  by  luturating  the  acid  with  an  alkali,  and  by  fubfequent 
boiling. 

For  the  reafons  above  fiated,  it  would  be  difficult  to  effect  a 
complete  folution  of  lac  by  means  of  acetic  acid ;  but  this  may 
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Boracic  acid 
fcarcely  afts  on 

Uc. 


Borax  renders  it 
foluble  in  water. 


neverthelefs  be  advantageoutly  employed  in  ana!)  deal  opera¬ 
tions,  when  alternately  ufed  with  alcohol. 

9.  A  faturated  folution  of  boracic  acid  in  water,  diflolves  the 
colouring  extract ;  but,  as  the  effect  does  not  furpafs  that  ol 
water  alone,  we  may  conclude  that  lac  is  little,  it  at  all,  a  tied 
upon  by  boracic  acid. 

10.  It  has  been  already  (fated,  that  fub-borate  of  foda  or 
borax  has  a  powerful  effetl  on  lac,  fo  as  to  render  it  foluble  in 
water;  and,  as  the  preceding  experiments  prove  that  boracic 
acid  alone  fcarcely  adfs  upon  lac,  there  is  every  reafon  to  be¬ 
lieve,  that  the  excefs  of  foda  prefent  in  borax  is  the  active  1  u b- 
ftance;  and  this  concluli.on  will  be  confirmed,  by  the  refults  of 
fubfequent  experiments  made  with  the  alkalis. 

Proportion,  &c.  In  order  to  render  lac  (efpecially  (hell  lac)  (oluble  in  water, 
about of  borax  is  neceffary  ;  and  this  may  be  previoufly  dif- 
folved  in  the  water,  or  may  be  mixed  and  added  together  with 
the  lac. 

The  bed  proportion  of  water  to  that  of  lac  is  18  or  20  to  1. 
So  that  20  grs.  of  borax,  and  four  ounces  of  water,  are,  upon 
an  average,  requifite  to  diflolve  100  grs.  of  (hell  lac  ;  but  more 
water  may  be  occafionally  added,  to  fupply  the  lofs  caufed  by 
evaporation  during  the  digedion,  which  fliould  be  made  nearly 
in  a  boiling  heat. 

Th  is  folution  of  (hell  lac  is  turbid,  and  of  a  reddirti-brown 
colour  ;  when  confiderably  diluted  with  water  and  agitated,  a 
weak  lather  is  formed  ;  it  is  decompofed  by  acids,  and  the  lac 
is  precipitated  in  yellow  fiocculi,  which  do  not  apparently 
differ  from  the  lac  originally  employed. 

The  general  properties  of  the  folution  (hew,  that  it  is  a 
faponaceous  compound,  which,  being  ufed  as  a  varnitli  or 
vehicle  for  colours,  becomes  (when  dry)  difficultly  foluble 
in  w'ater,  although  this  was  the  liquid  employed  to  form  the 
folution.  - 

A  white  thick  feum  or  cream  collects  on  the  furface  of  this 
liquid,  after  it  has  been  differed  to  remain  tranquil  for  fume 
time,  and  is  found  to  be  produced  by  a  fort  of  wax,  which  I 
lhall  more  particularly  notice  when  the  analyfes  of  the  va¬ 
rieties  of  lac  are  deferibed  ;  but,  in  the  prefent  cafe,  this  wax 
appeared  in  fome  degree  to  be  converted  into  an  almotl  info- 
luble  foap  by  the  alkali  of  the  borax,  and  may  be  regarded  as 
the  principal  caufe  of  the  turbidnefs  of  the  folution. 


The  folution  is 
a  foap  of  dlrficul: 
fallibility. 


1 1.  The 
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1 1.  The  lixivia  of  pure  foda  and  of  carbonate  of  foda  com-  Soda  and  its  car- 
pletely  diflolve  the  different  kinds  of  lac;  and  ihefe  folutiQns  |^ate  dl^uivc 
exactly  refemble  thofe  formed  by  means  of  borax,. excepting 

that  they  are  deeper  coloured. 

Rather  lefs  than  ~  of  carbonate  of  foda  is  required  to 
diflolve  fhell  lac;  and  this  folutipn,  when  dried,  is  fooner 
affedted  by  damp  or  water  than  the  folittion  prepared  by 
borax. 

12.  Lixivium  of  pure  or  cauftic  potafli  fpeedily  diflblves  the  A! fo  potafh* 
varieties  of  lac,  and  forms  faponaceous  folutions,  fimilar  to 

that  in  which  borax  was  employed,  exclufive  of  the  colour, 
which  is  deeper,  and  more  approaching  to  purple. 

Lixivium  of  carbonate  of  potafli  extrafls  a  great  part  of  the  and  its  carbon- 
colouring  matter,  but  does  not  form  fo  complete  a  folution  ate* 
of  the  entire  fubftance  of  lac,  as  when  pure  potafli  is  em¬ 
ployed. 

The  above  alkaline  folutions,  by  repofe,  afford  the  waxen  f 

foap  which  has  been  mentioned  ;  and  acids,  being  added  to 
thefe  folutions,  and  to  that  formed  by  borax,  precipitate  the 
lac  in  a  flocculent  flate,  and  of  a  yellow  or  buff  colour,  which 
precipitate,  when  melted,  becomes  fimilar  to  the  lac  ori¬ 
ginally  employed.  If  however  an  alkaline  folution  of  fhell 
lac  (prepared,  for  inftance,  with  foda)  be  gradually  dropped 
into  a  fufficient  quantity  of  muriatic  acid  diluted  with  an  equal 
portion  of  water,  and  nearly  heated  to  the  boiling  point,  and 
if  after  boiling  the  whole  for  about  one  hour  the  coagulum 
be  feparated,  and  the  clear  liquor  be  carefully  faturated  with 
foda,  and  again  made  to  boil,  a  fmall  quantity  of  a  flocculent 
precipitate  is  obtained,  which  was  found  to  be  analogous  to 
precipitated  vegetable  gluten,  combined  with  fome  of  the  co¬ 
louring  extract. 

13.  Pure  ammonia,  and  carbonate  of  ammonia,  readily  ad  Ammonia  aft? 
upon  the  colouring  matter  of  lac,  but  do  not  completely  diflolve  Part*a‘Jy* 

the  entire  fubflance. 


§  II. 

Analytical  Experiments  on  Stick,  Seed,  and  Shell  Lac, 

Lac,  placed  on  a  red  hot  iron,  contracts,  melts,  fmokes  Products  of  lac 
much,  and  leaves  a  fpongy  coal.  Slow  diftillation  carried  1° 
the  red  heat,  gave  from  ftick  lac,  1.  Water  flightly  acid,  10;  Stick  lac. 

E  2  2.  Thick 


I 


Seed  lac. 


Shell  lac. 


Powdered  ftick 
lac  gave  a  red 
colouring 
to  water. 
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2.  Thick  brown  butyraceous  oil,  59;  3.  Spongy  coal,  1 3 -f- ; 
4.  A  final!  portion  of  carbonate  of  ammonia,  with  carbonic 
acid,  carbonated  hidrogen,  and  hidrogen  gas,  by  eftimate  17*. 
Seed  lac,  by  the  fame  procefs,  gave,  1 .  Acidulated  water,  6; 

2.  Thick  oil,  61  ;  3.  Spongy  coal,  7  ;  4.  Mixed  gas  as  before, 
but  without  ammonia,  26. 

Shell  lac  gave,  1.  Acidulated  water,  6;  2.  Oil,  65; 

3,  Spongy  coal,  7f  ;  4.  Mixed  gas,  21y. 

The  coal  of  this  laft  gave  one  grain  of  allies  after  combuf- 

tion,  which  contained  a  muriate,  probably  of  foda.  There 
was  alfo  a  little  iron,  and  fome  particles  of  fand,  probably 
extraneous. 

Analyfis  of  Stick  Lack. 

A.  200  grains  of  ftick  lac,  picked  and  reduced  to  powder, 
lac  gave  a  red  were  digefted  in  a  pint  and  a  half  of  boiling  diftilled  water 

during  12  hours.  The  liquor  was  tranfparent,  and  of  a  beau¬ 
tiful  deep  red  ;  this  was  decanted  into  another  veftel ;  and  the 
operation  was  repeated,  with  frefh  portions  of  water,  until 
it  ceafed  to  be  tinged  ;  the  lac  then  appeared  of  a  pale  yel- 
lowifli-brown  colour. 

The  whole  of  the  aqueous  folution  being  evaporated,  left  a 
deep  red  fubftance,  which  poflelTed  the  general  properties  of 
vegetable  extract,  and  weighed  18  grains. 

B.  The  dried  lac  was  digefted  for  48  hours,  without  heat, 
in  eighteen  ounces  of  alcohol ;  and  the  clear  tincture  being 
cautioufly  decanted  different  portions  of  alcohol  were  added, 
and  the  digeftion  was  repeated,  until  the  alcohol  ceafed  to 
produce  any  effect. 

The  whole  of  the  foliations  in  alcohol  wTere  then  poured  into 
diftilled  water,  which  was  heated,  and  an  attempt  was  made 
to  feparate  the  precipitated  fubftance  by  filtration  ;  but,  as  this 
did  not  fucceed,  on  account  of  the  filter  fpeedily  becoming 
clogged,  the  whole  was  fubje&ed  to  gentle  diftillation ;  byr 
which,  a  brownifti-yellow  refin  was  obtained,  amounting  in 
weight  to  1  36  grains. 

C.  The  remainder  of  the  lac  was  again  digefted  in  boiling 
diftilled  water;  by  which,  2  grains  of  the  colouring  extract 
were  obtained. 

D.  The  reliduum  was  then  digefted  with  one  ounce  of  mu¬ 
riatic  acid  diluted  with  two  ounces  of  water,  which,  by  boil¬ 
ing. 


/ 


Alcohol  then 
took  up  much 
refin. 


Diluted  muriatic 
acid  took  gluten 
from  the  ie- 
nuuidcr. 
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ing,  became  of  a  bright  pale  red,  but  changed  to  purple, 
when  faturated  with  a  folution  of  carbonate  of  potato. 

A  flocculent  precipitate  was  thus  obtained,  which  poflefled 
the  characters  of  precipitated  vegetable  gluten  combined  with 
fome  of  the  colouring  extraCt;  this,  when  completely  dried, 
weighed  1 1  grains.  •  . 

E.  There  now  remained  25  grains,  which  evidently  con-  The  refidue  was 
fitted  of  a  fort  of  wax,  mixed  with  fmall  parts  of  twigs  and  wax  and  *"oreign 
other  extraneous  tubftances. 

A  part  of  the  wax  was  feparated  by  heat  and  prefiure  in 
a  piece  of  linen ;  and  another  portion  was  feparated  by  di- 
gettion  in  olive  oil,  which  aifumed  the  confiftency  of  an. 
unguent. 

The  refiduum  was  then  boiled  with  lixivium  of  potato,  and 
became  tinged  with  purple,  in  confequence  of  fome  of  the  co¬ 
louring  extraCt  which  had  not  been  diffoived  by  the  preceding 
operations. 

The  undifiblved  part,  now  confifting  only  of  the  extraneous 
vegetable  and  other  fubflances,  weighed  13  grains;  to  that 
the  wrax,  with  a  fmall  portion  of  the  colouring  extraCt,  may 
be  efiimated  at  12  grains. 

By  the  above  procefs,  200  grains  of  flick  lac  afforded.  Component  pas  t? 

Grs.  of  ftick  lac. 


A.' 

c. 

j*  Colouring  extraCt  -  - 

20 

B. 

Retin  -  -  - 

-  136 

D. 

Vegetable  gluten  - 

11 

H 

f  Wax,  with  a  little  colouring  extraCt,  about 

12 

[_  Extraneous  fubflances 

13 

* 

192. 

Analyfis  of  Seed  Lac . 


200  grains  of  very  pure  feed  lac  were  fubjeCted  to  oper- Component  parts 
ations  very  fimilar  to  thofe  which  have  been  deferibed,  and°^feed^ac’ 
afforded. 


Colouring  extraCt 

mm 

Grs  x 

5 

Refin  -  -  • 

- 

- 

177 

Vegetable  gluten 

- 

- 

4 

Wax  - 

- 

mm 

9 

195. 

Amlyfis 
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Shell  lac  boiled 
in  water  gave 
little  extiadl. 

Refiduc  gave 
much  refin  to 
alcohol. 


Muriatic  acid 
then  took  up 
gluten. 


Analyfis  of  Shell  Lac. 

A.  500  grains  of  this  fubfiance  were  firfi  treated  with 
boiling  diftilled  water,  as  above-mentioned,  and  yielded  of 
extra#  only  2.50  grains. 

B.  The  497.50  grains  which  remained,  were  then  digefied 
with  different  portions  of  cold  alcohol,  until  this  ceafed  to 
produce  any  effe# ;  the  refin  which  was  thus  feparaled, 
amounted  to  403.50  grains. 

C.  As  the  fliell  lac  had  not  been  reduced  into  powder,  but 
only  into  (mail  fragments,  thefe  were  become  white  and 
elafiic,  and,  when  dry,  were  brittle,  and  of  a  pale  brown 
colour ;  the  whole  then  weighed  94  grains. 

D.  Thefe  94  grains  were  digefied  in  diluted  muriatic  acid ; 
and  the  acid,  being  afterwards  faturated  with  folution  of  car¬ 
bonate  of  potafh,  afforded  a  fiocculent  precipitate,  (refembling 
that  obtained  from  folutions  of  vegetable  gluten,)  which,  when 
dry,  weighed  5  grains. 

Acetic  acid,  by  E.  Alcohol  a#ed  but  feebly  on  the  refiduum  ;  it  was  there- 
took  upr-fmand  ^*ore  Put  a  matra^s>  with  three  ounces  of  acetic  acid,  and 
wax  j  the  latter  was  fuffered  to  digeft  without  heat  during  fix  days,  the  veflel 

down  by°aIcohol  •  times  gently  fiiaken ;  the  acid  thus  affumed  a  pale 

brown  colour,  and  was  very  turbid.  The  whole  was  then 
added  to  half  a  pint  of  alcohol,  and  was  digefied  in  a 
fand-bath  ;  by  which  a  brownifh  tindiure  was  formed,  and 
at  the  fame  time  a  quantity  of  a  whitifh  fiocculent  fub- 
fiance  was  depofited,  which,  being  collected,  well  wafhed 
w  ith  alcohol  on  a  filter,  and  dried,  weighed  20  grains. 

This  fubfianee  was  white,  light,  and  flaky,  and,  when 
rubbed  by  the  nail,  it  became  glolfy,  like  wax  ;  it  alfp  eafily 
melted,  was  abforbed  by  heated  paper,  and,  when  placed 
on  a  coal  or  hot  iron,  emitted  a  fmoke,  the  odour  of  which 
very  much  refembled  that  of  wax,  or  rather  fpermaceti. 
and  then  the  F.  The  folution  formed  by  acetic  acid  and  alcohol,  being 
reim  by  water,  filtrated,  was  poured  into  difiilled  water,  which  immediately 
became  milky;  and,  being  heated,  the  greater  part  of  the  refin 
which  had  been  difiblved  affumed  a  curdy  form,  and  was  partly 
feparated  by  a  filter,  and  partly  by  diflilling  off  the  liquor; 
this  portion  of  refin  amounted  to  51  grains. 

Carbonate  of  G.  The  filtrated  liquor,  from  which  this  refin  had  been 
downVome  re-  feParalec^  was  Curated  with  a  folution  of  carbonate  of 

potafh ; 
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potafn  ;  and,  being  heated,  a  feeond  precipitate  of  gluten  was 

obtained,  which,  when  well  dried,  weighed  9  grains. 

The  500  grains  of  fliell  lac  thus  yielded.  Component  part* 

6  3  of  fhell  lac. 


A. 

B 

C 


Extract 

Refin 


:! 

G  |  Vegetable  gluten 


E.  Wax 


2.50 

454.50 

14. 

20. 


491. 


The  mode  of  analyfis  adopted  for  the  fliell  lac,  muft  un-  Advantages  of 
doubtedly  appear  lefs  fimple  than  that  which  was  employed  ufech™^  ^ 
for  feed  and  flick  lac:  but,  upon  the  whole,  it  was  attended 
with  advantages;  for  the  fhell  lac  being  in  fmall  fragments, 
and  not  in  the  ftate  of  a  powder,  confiderably  facilitated  the 
decantation  of  the  folution  in  alcohol  from  the  reliduum ;  and 
although,  in  this  lad,  a  portion  of  the  refin  was  protected  from 
the  aflion  of  the  alcohol,  by  being  enveloped  in  the  gluten 
and  wax,  yet,  by  the  aflidance  of  acetic  acid,  the  remainder 
of  the  refin,  as  well  as  the  whole  of  the  gluten,  were  ditfolved; 
the  wax  w’as  obtained  in  a  pure  date ;  and  a  feparation  of 
the  refin  from  the  gluten  was  afterwards  eafily  effected,  by 
the  method  which  has  been  defcribed.  As  therefore  acetic 
acid  is  capable  of  diffolving  refin,  gluten,  and  many  other  of 
the  vegetable  principles,  it  certainly  may  be  regarded  as  a 
very  ufeful  folvent,  in  the  analyfis  of  bodies  appertaining  to 
the  vegetable  kingdom. 

From  the  refults  of  the  preceding  analyfes  it  appears,  that 
the  different  kinds  of  lac  confid  of  four  fubdances,  namely, 
extract,  refin,  gluten,  and  wax,  the  feparate  properties  of 
which  fhall  now  be  more  fully  confidered.  1 

(The  Condufwn  in  our  next.) 


I 


Galvanic 
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XIII. 

Galvanic  Illujlrations  and  Bcmurks.  By  C.  Wilkinson,  Efq, 

To  Mr,  NICHOLSON. 

dear  sir,  Glafgow,  Dec.  9,  IS04, 

On  the  galvanic  HaVING,  during  my  galvanic  tour,  been  occafionally  in¬ 
charge,  &c.  formed  that  the  attempt  I  have  made  in  my  Elements  of  Gal- 
vanifm,  to  explain  the  laws  of  galvanilm  on  the  more  perfeCt 
and  imperfeCt  conductors,  is  not  fo  dear  as  it  was  my  with  to 
have  rendered  it;  I  fliall  therefore  deem  mylelf  much  obliged 
by  the  inlertion  of  the  following  obfervations  in  your  valuable 
Journal. 

The  power  of  a  galvanic  apparatus,  formed  of  plates  not 
lets  than  2\  inches  in  diameter,  on  animal  fubflances,  is  di- 
reCtly  as  the  number  of  plates ;  on  the  more  perfect  conduc¬ 
tors,  as  metals,  the  power  is  as  you  have  at  large  dated  in 
your  lad  Journal. 

Let  us  fuppofe  three  galvanic  plates:  Fig.  1,  (Plate  II.) 

.  of  four  inches  ;  Fig.  2,  of  dx  inches ;  and  Fig.  3,  of  eight 
inches :  An  arrangement  of  thefe  in  the  form  of  a  galvanic 
trough,  produces  equal  effects  on  animal  fubdances,  provided 
the  number  be  equal. 

Animal  fubdance  is  very  little  fuperior  to  water  in  its  con¬ 
ducing  power  ;  and  the  experiments  of  Mr.  Cavendidi  have 
proved,  that  the  conducing  pow  ers  of  iron  are  a  million  times 
greater  than  the  conducting  powers  of  water. 

A  metal  brought  into  contact  with  another  mefal  difpofed 
to  part  with  a  quantity  of  its  compound  electricity,  w  ill  divide 
the  quantity  thus  difengaged,  becaule  its  capacity  for  receiving 
it  is  equal  to  that  of  the  metal  under  the  chemical  a&ion. 

Animal  fubftance  brought  into  contact  with  a  metal  dmi- 
larly  difpofed,  will  only  receive  a  portion  adequate  to  its  ca¬ 
pacity ;  and  as  this  capacity  is  in  the  ratio  of  its  conducting 
powers,  it  will  be  nearly  one  million  times  inferior  in  capacity 
to  that  of  a  metallic  fubdance ;  and  will,  therefore,  abdraCl 
only  lo  fmall  a  proportionate  part  of  electricity  to  render  its 
jntendty  equal  to  that  exiding  in  the  galvanic  plate. 
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By  electrical  intenfity  I  underhand  the  quantum  of  el edtri- On  the  galvanic 
city  multiplied  by  the  refitting  powers  of  the  fubfiance  to  ad-  c*iar£c>  &c’ 
mil  it.  Let  us  fuppofe  the  plates  1,  2,  and  3,  dilpofed  to 
give  out  electricity  on  every  atlignabie  point  of  their  refpec- 
tive  furfaces.  A  finger  applied  at  No.  1,  Fig.  1,  will  abfiradf 
a  certain  portion  of  electricity  from  ttie  points  of  metal  diredtly 
in  contadf;  a  certain  portion  of  ele<5f ricity  will  immediately  be 
determined  from  the  fquares  2,  3,  4,  5,  6,  &c.  from  every 
correfponding  fquare  on  the  furface  of  the  plate,  by  that  mo¬ 
tion  which  Volta  has  well  termed  the  moto-eledlrical  power: 
there  is  a  phyfical  refinance  in  the  tranfmiffion  from  thefe  re- 
fpediive  fquares  to  the  firfi  touched  by  the  finger,  and  the 
more  remote  the  greater  the  refinance  :  at  whatever  points 
this  phyfical  refifiance  (hall  be  equal  to  the  capacity  of  the 
fubfiance  employed,  (here  all  further  tranfmiffion  muft  ceafe : 
this  refifiance  in  plates  of  inches  in  the  fquare,  appears, 
from  experiment,  fully  adequate  to  the  confiant  fupply  of  fo 
imperfect  a  condudtor  as  animal  fubfiances,  and  therefore  any 
increafe  of  fize  in  the  furface  of  the  plate,  will  produce  no 
additional  effedls. 

When  a  certain  quantity  is  thus  abfiradted  from  the  pair 
of  plates  at  the  extremes  of  the  battery,  in  direct  contact  with 
the  fingers,  thefe  plates  and  the  interpofed  fluid  in  the  cells, 
only  act  as  conductors  to  the  next  pair,  and  fo  on  ;  as  the  ve¬ 
locity  of  difcharges  of  each  fucceffive  pair  is  fo  infinitely  greater 
than  the  time  required  for  the  chemical  action,  is  the  reafon 
why  the  effe6ts  we  experience  are  increafed  in  proportion  to 
the  numbers :  if  we  were  to  fuppofe  that  the  time  required  for 
the  fucceffive  difcharge  of  50  pair  of  plates,  fliould  be  pre- 
cifely  equal  to  the  time  required  for  the  chemical  action,  we 
thou  Id  derive  no  increafe  of  power  by  an  increafe  of  number, 
which  is  contrary  to  experience. 

I  have  a  battery  formed  of  600  plates,  each  plate  only  ex- 
pofing  half  a  fquare  inch  in  furface:  To  experience  equal 
effedts  from  this  arrangement,  I  am  obliged  to  paufe  three  or 
four  minutes  between  each  contadt ;  an  interval  of  time  no 
ways  requifite  in  larger  plates. 

When  fuch  fuperior  condudtors  as  metals  are  employed, 
the  phyfical  refifiance  of  tranfmiffion  from  one  part  of  the 
plate  to  another,  bearing  no  proportion  with  the  capacity  of 
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the  metal,  every  aflignable  point  of  the  galvanic  plate  is  effi¬ 
cient  at  the  fame  time,  therefore  the  mtenfity  will  be  as  the 
furface,  and  the  powers  as  the  fquares  of  the  intenfities. 

Iam,  Dear  Sir, 

Your’s,  refpefl  fully, 

C.  WILKINSON. 


No,  1 9,  Soho  Square, 


— 
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Glafs  is  not  a 
cr)ftallization. 


Vitreous  fufion 
diftindt  from 
that  of  falts. 


On  the  Devitrification  of  Glafs  and  the  Phenomena  which  hap¬ 
pen  during  its  Crj/fiallization.  By  Dartigues.  * 

Q 

tJ’OME  philofophers  have  confidered  glafs  as  a  chryftalliza- 
tion  ;  and  this  opinion  appears  natural  on  confidering  the  tranf- 
parence  of  glafs  or  of  cryfial,  from  the  latter  of  which  the 
term  for  defignating  the  regular  and  fpontaneous  arrangement 
of  the  particles  of  bodies  has  been  taken.  But  on  clofer  re¬ 
flection,  this  notion  is  found  to  be  erroneous.  In  fact  glafs 
never  affeCts  a  cryltalline  figure,  either  in  its  furface  or  its  frac¬ 
ture;  it  never  prefents  chryftals  of  its  own  proper  fubftance, 
fuch  as  are  feen  in  metals  flowly  congealed;  and  whenever 
cryfials  are  formed  in  the  mafs  of  glafs,  they  are  foreign  to 
the  part  which  (till  continues  vitrified;  they  may  be  confidered 
as  a  ftep  the  reverfe  from  that  of  vitrification,  as  I  (hall  ftiow 
in  the  courfe  of  the  prefent  paper. 

On  the  firft  explanation  of  vitreous  fufion,  I  mufi  difiinguifh 
and  feparate  it  from  the  fufion  of  certain  other  bodies  which 
flow'  without  addition  in  the  heat  of  our  furnaces,  fuch  as  bo¬ 
rax,  the  phofphoric  acid  and  others.  In  thefe  bodies  the  con- 


*  Tranflated  from  the  Journal  de  Phyfique,  LIX.  5. 

The  author  of  this  memoir,  who  is  proprietor  of  the  glafs-works 
and  other  eftablithments  of  Voneche  (Sambre-et  Meufe)  has  under¬ 
taken  to  draw  up  for  the  French  National  rnflitute  a  treatife  on  the 
art  of  glafs-making,  to  ferve  as  a  continuation  to  the  arts  and  trades 
of  the  Academy.  The  firft  part  is  in  readinefs  to  appear,  many  of 
the  plates  being  ready.  The  fecond  part  relates  to  the  ufes  of  glals 
in  the  arts.  And  the  third  part  confifts  of  detached  memoirs  upon 
the  phyfical  and  chemical  properties  of  glafs.  The  prefent  diflerta- 
tion  is  extra&ed  from  one  of  thofe  memoirs. — J.  C.  Delametherie. 
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denfecf  heat  foflens  and  renders  them  fluid,  and  they  more  or 
lets  continue  to  exhibit,  when  cooled,  the  tranfparency  and 
fome  other  of  the  well  knowm  phyfical  properties  of  glafs. 

But  in  the  examination  and  defcription  of  that  fufion  to  It  is  a  folutioa 
which  vitreous  compounds  are  fubjecfted  in  order  to  fit  them  for  tieat’ 
the  purpofes  of  life,  it  is  neceffary  to  obferve  that  the  efifedt 
arifes  from  two  phenomena.  It  is  not  fimply  the  refult  of  ac¬ 
cumulated  heat,  but  it  is  jointly  produced  by  the  affinities  of 
the  fubftances  which  enter  into  the  mixture.  Thefe  iubfiances 
which  tend  to  combine  and  mutually  to  penetrate  each  other, 
act  according  to  the  laws  of  their  affinities  as  foon  as  ever  the 
temperature  is  fufficiently  elevated.  Thus  it  is  that  a  mixture 
of  feveral  earths  becomes  fufed  at  a  temperature  which  could 
not  have  rendered  any  one  of  them  fluid. 

The  common  vitrification  is  therefore  the  refult  of  a  com- Nature  of  the 
bination  eff’e6ted  at  an  elevated  temperature  between  different  ^',^ound  3  or 
and  heterogenous  fubffances;  and  the  produfit  is  a  compound 
perfeftly  homogenous  more  or  lefs  tranlparent,  elaffic,  and 
breaking  in  a  peculiar  manner,  from  which  the  term  vitreous 
fradture  is  derived.  This  body  is  a  remarkably  bad  conductor 
of  heat  and  of  electricity;  it  is  capable  of  becoming  foftat  a 
temperature  inferior  to  that  at  which  it  was  fufed,  fo  that  it 
may  be  rendered  paffy,  du6tile,  &c. 

The  phenomenon  during  which  all  thefe  properties  difap-  Devitrification, 
pear  is  what  I  have  called  devitrification;  an  expreffion  which 
may  at  firfi:  feem  extraordinary,  but  which  the  fadts  will  (hew 
to  be  perfectly  accurate. 

Several  philofophers  have  before  noticed  this  effed;  fome  1S  confe- 
r  r  .  .  .  ,  .  quence  of  cry- 

have  even  made  obfervations  upon  it,  and  have  noted  various  ftaiijzati0n. 

eircumffances  fcarcely  connected  with  each  other  ;  but  I  am 

not  aware  that  any  one  has  yet  publifhed  a  feries  of  refearches 

proper  to  explain  the  effects,  fo  as  to  (hew  that  it  is  one  of  the 

known  properties  of  all  natural  bodies,  being  in  fact  nothing 

more  than  the  produfit  of  a  cry ffallizalion. 

Reaumur  firff  obferved  that  a  glafs,  more  efpecially  if  it  be  The  porcelain  of 
compofed  of  different  earths,  as  bottle  glafs  is  in  general,  U  ‘ 

may  be  decompofed,  and  lofe  its  tranfparency  and  other  vi¬ 
treous  properties.  Fully  occupied  in  his  refearches  upon 
porcelains,  he  was  defirous  of  applying  this  difcovery  to  the 
fabrication  of  potteries,  and  attributed  the  phenomenon  to  the 
lubffances  in  which  he  had  cemented  his  glafs.  The  fact  was 

2  denomi- 
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Repetition*  of 
the  procefs  by 
d’Antic  and 
others. 


Obfcrvation  of 
cryftah  in  glals. 


Experiments  of 
Sir  James  Hall 
on  whinrtone, 

&c. 


He  did  not  pur- 
fue  this  devitri¬ 
fication  among 
artificial  pro¬ 


ducts. 


denominated  the  cementation  of  glafs,  and  the  product  was 
called  Reaumur’s  porcelain;  no  incident  could  be  more  effect¬ 
ually  calculated  to  retard  the  true  developement  of  the  faft 
than  Inch  a  denomination  of  this  kind. 

The  labours  of  Bole  d'Antic  upon  the  fame  objed  were 
alfo  directed  to  no  other  purpofe  than  that  ot  obtaining  a  good 
pottery  by  this  means,  and  of  alcertaining  what  cements  were 
the  belt  calculated  to  give  new  properties  to  this  body.  Thus 
ii  was  that  by  calling  the  procels  by  the  name  of  cementation, 
winch  depended  in  no  relpedl  upon  what  was  added  as  the  ce¬ 
ment,  others  were  milled,  who  were  induced  to  follow  the 
courle  of  experiments  already  began.  1  he  natural  confe- 
quence  \va  ,  that  fcience  gained  nothing  relpecting  this  procefs 
fince  the  time  of  Reaumur.  Many  have  fince  attempted  the 
cementation  ot  glals  without  perceiving  any  new'  ref u 1 1  in  the 
product. 

Several  perfons  have  fince  admitted  the  property  in  g  <*»$  of 
affording  cryfluls;  but  thefe  remarks  being  more  especially 
made  by  ar tifls,  placed  by  their  fituation  at  the  head  ot  giafs- 
works,  have  not  afforded  the  feientihe  confeejuences  which 
might  have  been  deduced  from  them.  The  directors  of  a  great 
ellablifhmcnt  have  feldom  time  to  dwell  upon  the  contempla¬ 
tion  of  (mall  effedh ;  they  are  obliged  to  attend  to  too  many 
things  at  the  fame  tune.  Thefe  remarks,  though  curious  in 
themfelves,  remained  without  connexion  ;  and  no  one  thought 
or  ventured  to  pubhfli  that  the  ^ryfialhzation  of  glafs,  and  ce¬ 
mentation  by  the  procefs  of  Reaumur  are  ablolutely  one  and 
the  fame  thing. 

Sir  James  Hall,*  in  his  valuable  experiments  upon  whin- 
ftone  and  lava,  publiflied  in  the  14th  volume  of  the  Biblio- 
theque  Britannique,  afeertained  the  property  of  thefe  Hones  to 
become  fufed  into  glafs,  and  to  return  to  the  ftony  Hate,  ac¬ 
cording  to  the  circum fiances. 

He  called  this  lafi  faft  a  devitrification.  He  faw  that  it  was 
the  e fie 61  of  a  precipitation,  and  explained  it  in  a  manner  that 
was  highly  fatisfaflory  and  true ;  but  being  too  much  occupied  in 
deducing  from  this  fa6t  arguments  in  favour  of  the  volcanic  geo¬ 
logy,  he  negleded  purfuing  the  interefiing  philofophical  confe- 
quences  to  which  the  phenomenon  pointed  the  way.  This  is 

Firft  in  the  Edinburgh  Tranfaftions,  and  afterwards  in  our 
Journal.  N. 
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the  talk  I  have  undertaken,  and  in  the  prefent  memoir  on  de¬ 
vitrification,  I  dial!  give  the  refuits  of  my  firft  experiments. 

As  my  fituation  gives  me  the  ufeof  a  fire  of  extreme  violence 
and  continued  for  yearsjogether,  it  may  have  been  in  my  power 
to  make  obfervations  not  within  the  reach  of  every  one.  The 
faffs  I  thall  report  do  partly  explain  themfelves ;  they  are  tfie 
refult  of  laws  to  which  all  bodies  are  fubjeffed.  All  the  merit 
of  the  obfervation  confifts  in  having  feen  them  in  fubftances, 
and  on  occafions  where  it  was  not  known  that  thefe  laws  do 
take  place. 

The  bottom  of  the  furnaces  for  fotiding  or  fufing  the  glafs  15  veryre- 
ufually  prefents  large  cavities  excavated  by  the  affion  of  the  giafs^furnaces^  ** 
fire,  and  of  the  corrofive  fubfiances  which  often  flow  out  of 
the  melting  pots.  Thefe  cavities  are  filled  with  a  kind  of  glafs 
called  picadil,  which  is  compofed  of  afhes  which  become  vi¬ 
trified,  fiones  of  the  furnace  which  become  fuled,  and  more 
particularly  of  glafs  which  falls  from  the  pots.  Care  is  taken 
to  remove  this  at  each  font  or  making  of  glafs.  When  the  fur¬ 
nace  is  nearly  worn  out,  the  cavities  having  become  large,  can¬ 
not  be  entirely  cleanfed,  but  fome  of  the  picadil  remains. 

When  the  furnace  is  extinguifiied,  this  picadil  undergoes  an 

extremely  flow  cooling,  becaufe  it  is  (urrounded  with  mafonry 

of  feveral  cubic  fathoms,  which  is  itfelf  penetrated  with  heat 

that  has  continued  for  upwards  of  a  year.  I  have  always  re-  Cry ftals  in  glafs. 

marked  that  it  was  in  the  glafs  of  thefe  bottoms  of  the  furnace 

that  I  found  cryfiallizations  through  the  mafs  of  glafs,  the  reft 

of  which  was  very  tranfparent  and  pure.  Thefe  cryftalliza- 

tions,  which  were  always  confiderably  regular  and  numerous, 

excited  my  curiofity,  as  they  had  done  that  of  other  glafs- 

makers  before  me.  I  collected  many  fpecimens,  taking  care 

to  chufe  thofe  which  appeared  the  moft  curious,  and  prefented 

the  mod  extrordinary  characters. 

Soon  afterwards,  from  comparing  the  pieces  themfelves,  and  Examination  of 
the  cirtumftances  under  which  they  had  been  produced;  andthe^s* 
by  the  combinations  of  remarks,  trials,  and  experiments  to 
imitate  thefe  cryfiallizations  at  pleafure,  1  at  laft  fucceeded 
in  diftinguifhing  various  clades,  all  of  which  are  produced  by 
the  nature  of  the  different  circumftances  which  accompany  the 
formation  of  the  glafs.  I  (hall  give  a  rapid  outline  of  thefe, 
without  entering  into  any  remarks  on  the  devitrification  which 
almoft  conftantly  takes  place  in  the  fcoria  of  forge  furnaces. 

This 
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This  laft  fa*5t  muft  have  prefented  itfelf  to  every  one,  and  will 
without  difficulty  be  referred  to  the  observations  I  (hall  make. 
The  more  com-  The  firft  remark  which  offers  itfelf  is,  that  the  more  com¬ 
pounded  the  gins  pQun(je<j  (j-jg  nature  of  the  glafs,  the  more  ealil y  and  readily  it 

it  lofes  its  vitre-  will  become  devitrified  :  but  in  the  fame  manner  as  a  folvent 
•as  nature.  loaded  with  a  great  number  of  faline  fubftances  of  different 
kinds,  (uffers  them  to  cryflallize  more  confufedly,  fo  likewife 
it  is  found  that  thefe  glaffes  do  not  prefent  the  mod  regular  cry- 
ftallizalions.  A  precipitation  takes  place  through  the  whole 
of  the  mafs;  each  of  the  component  parts  obeys  the  laws  of 
affinities;  at  the  fame  time  the  tranfparency  fpeedily  difappears, 
and  we  no  longer  fee  a  piece  of  glafs,  but  a  (lone.  Through 
this  confufcd  mafs  it  is  neverthelefs  impoffible  not  to  obferve 
Bottle  glafs.  the  rudiments  of  cryftals.  Such  is  the  manner  in  which  bottle 
glafs  comports  itfelf  in  its  devitrific  action,  Thefe  approach  very 
much  to  the  ftate  of  mere  earthy  glaffes,  having  very  little  fait 
in  their  com pofi lion. 

Experiment  in  Every  one  has  an  opportunity  of  keeping  a  common  bottle 
t  ie  fma  1  way.  0f  black  glafs  in  a  fire  long  continued,  and  capable  of  fatten¬ 
ing  its  pafte;  it  fpeedily  changes  colour,  becomes  grey,  and 
afiumes  the  appearance  of  ftone  ware.  In  this  manner  we 
form  the  pottery  of  Reaumur,  but  without  any  procefs  refera- 
bling  cry ftallization. 

But  inftead  of  obferving  the  phenomenon  in  fo  fmall  a  mafs, 
if  we  examine  the  bottoms  of  the  glafs  furnaces  in  which  thele 
by  flow  cooling,  bottles  are  fufed,  we  find  that  the  glafs  is  abfolutely  devitrified, 
and  has  affumed  an  appearance  fo  completely  ftony,  that  the 
mod  experienced  eye  can  fcarcely  diftinguifh  the  bricks  of  the 
furnace  from  the  part  which  has  been  glafs.  It  is  only  by  fol¬ 
lowing  thecourfe  of  the  devitrification  in  pieces  lefs  advanced, 
that  we  fucceed  in  diftinguifhing  the  glafs  in  a  granulated  ftone, 
which  has  rather  the  appearance  of  coarfe  pottery,  or  a  ftrongly 
baked  clay. 

ln'hnceof  the  It  often  happens  that  the  flow  cooling  of  an  hour  or  two  is 
pScfin*  a*  Aort  ^u^ic‘ent  to  Pr°duce  the  entire  devitrification  of  bottle  glafs. 
time.  I  have  pieces  of  eight  centimetres  (2f-  inches)  thick,  which  I 

obtained  at  the  glafs  works  of  Mr.  Saget,  of  La  Gare.  One 
of  the  pots  was  taken  oyt  of  the  furnace  to  be  replaced;  the 
glafs  remaining  at  the  bottom  of  this  pot  was  preferved  from 
cooling  during  the  time  the  pot  itfelf  acquired  the  common 
temperature,  and  by  this  means  the  nature  of  the  glafs  was 

entirely 
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entirely  changed.  It  no  longer  exhibits  the  tranfparency,  but 
is  a  mafs  of  cryftais,  compofed  of  (mail  needles,  converging 
towards  common  centers.  It  has  no  longer  the  appearance  of 
glaf<. 

This  fact  fhews  with  what  facility  bottle  glafs  is  devitrified, 
and  always  without  the  leaft  appearance  of  cementation.  The 
infinite. variety  of  fubftances  which  make  up  the  compofition 
of  bottle  glafs,  greatly  modifies  the  phenomena  which  take 
place  during  their  devitrification,  and  muff,  no  doubt,  influ¬ 
ence  the  form  of  the  cry  ha  Is ;  but  my  opportunities  of  observ¬ 
ing  this  kind  of  glafs  have  not  been  numerous. 

Palling  therefore  to  glades  Iefs  earthy  and  compofed  of  a  lefs  Greer.l/h  ghfs  of 
number  of  fubftances,  when  I  make  the  lame  examination  of  A1‘atia  is  lc& 
the  bottoms  of  the  furnaces  of  glafs  for  windows  called  glaffes  and  changes* 
of  Aifatia,  or  half  clear  glaffes,  into  which  is  put  a  greater  ™.oie  d°wly« 
portion  of  pure  (and  and  of  aikali,  I  obferve  nearly  the  fame  bluiU^coSj-*  * 
phenomenon  ;  but  as  they  are  lels  fudden,  they  are  more  eafy 
to  diftinguifh  and  to  feparate.  At  the  firft  inftant,  and  in  the 
malles  where  the  devitrification  commences,  we  feem  to  ob¬ 
ferve  a  final!  portion  of  blue  colour  diffufed  through  a  greenifli 
liquid. 

A  very  fingular  fad  here  prefents  itfelf,  which  I  fliall  here 
only  point  out,  with  the  intention  of  more  fully  examining  it 
hereafter.  This  greenifli  glafs  mixed  with  blue,  appears,  in 
fad,  to  become  of  an  obfcure  blue  when  conlidered  by  re- 
fleded  light  ;  but  if  placed  fo  as  to  tranfmit  the  light,  it 
always  appears  greenifli  ;  the  blue  being  reflected  and1  the 
green  refraded,  each  fingly. 

By  continuing  to  obferve  the  devitrification  of  this  glafs,  Second  change, 
it  is  foon  perceived  that  the  blue  precipitation  is  followed  by  ^  whice 
another  more  abundant,  which  affords  a  dirty  white,  and  is 
very  diftind  from  the  former.  The  colour  ot  this  glafs  becomes 
deeper  and  deeper,  and  at  length  it  refembles  grey  horn. 

In  thefe  different  tranfitions  the  pafte  of  the  glals  appears  Third  change, 
conftantly  to  remain,  diftinguifhable  in  its  polifh,  its  fradure, 
and  all  its  other  properties,  except  its  tranfparency.  But  in 
the  midft  of  this  pafte  refembling  horn,  very  diftind  cryftalli- 
zations  are  formed,  conftfting  of  nodules  compofed  of  fmall 
needles,  all  converging  towards  the  center.  In  this  ftate  it  is 
no  longer  glafs,  but  a  cryftal  pofleffmg  all  the  phyfical  pro¬ 
perties  of  mineral  fubftances  left  to  themfelves. 

An 
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Speedy  refrige¬ 
ration  confute* 
the  phenome¬ 
non* 


Clear  and  fimple 
glades  are  not 
eafily  devitrified. 


An  exa&  analyfis  made  of  a  certain  number  of  thefe  cr)ftals 
carefully  detached  from  the  mafs,  might  indicate  their  nature 
and  throw  light  on  their  formation. 

It  often  happens  that  thefe  cryftallized  nodules  are  enve¬ 
loped  in  a  cruft  which  feems  foreign  to  their  nature,  and  may 
be  compared  to  the  cruft  which  envelopes  flints  in  the  middle 
of  the  chalk-banks  in  which  they  feem  to  grow. 

Thefe  are  the  feries  of  phenomenon  attending  the  devitrifica¬ 
tion  of  greenifh  glafs  when  it  happens  tlowly  ;  but  if  the  effeft 
is  too  rapidly  produced,  the  appearances  refemble  thofe  ob- 
ferved  in  the  devitrification  of  bottle  glafs.  The  window  glafs 
here  fpoken  of,  is  of  that  kind  which  contains  very  little  of 
earthy  matter,  except  wood  alhes.  It  muff  admit  of  many 
variations  according  to  the  differences  in  its  -compofition. 

White  or  colourlefs  glades  are  very  difficultly  cryftallized 
or  devitrifieJ.  When  they  are  well  made,  we  may  affirm  that 
a  long  continued  heat  does  not  change  them  ;  but  for  this  pro¬ 
perty  it  is  necefiary  that  they  fhould  be  compofed  merely  of 
Hlex,  with  the  precife  quantity  of  flux  for  its  faturation.  In 
this  cafe,  a  very  long  continued  fire  will  no  otherwife  change 
them  than  by  rendering  them  more  yellow  and  hard. 


( The  Conclvjion  in  our  next.) 


ADVERTISEMENT. 

Various  articles  of  P/iilofophical  News,  Accounts  of  Books , 
and  other  fuhjedls ,  have  necejfarily  been  pojlponed  this  month ,  on 
account  of  illnefs  with  which  the  Editor  has  been  afflicted. 

The  fume  caufe  has  alfo  unfortunately  prevented  his  Draughtf- 
■man  from  completing  fotne  Defgns,  which  would  elfe  have  ap¬ 
peared. 

Mr.  Ezekiel  Walker  has  been  prevented,  by  fever  e  indifpoftion , 
from  anfwering  the  paper  of  C.  L.  in  our  laf,  upon  the  Horizon¬ 
tal  Moon. 

A  note  has  alfo  been  received  from  C.  L.  in  which  he  begs  leave 
to  notice,  that  the  large  lens  mentioned  in  his  experiment  I.  has  a 
clear  aperture  of  6,1  inches  in  its  frame,  and  was  fo  ufed  in  that 
experiment. 
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FEBRUARY ,  1805. 


ARTICLE  I. 

Experiments  and  Remarks  on  the  Augmentation  of  Sounds.  In  a 
Letter  from  Mr.  John  Gough. 

To  Mr.  NICHOLSON. 

SIR, 

l  FACT  is  mentioned  in  a  former  communication  of  mine  Sounds  heard 
.  „  ,  TTT  .  v  i  •  i  .1  .  farther  from  an 

to  your  Journal  (odtavo,  vol.  III.  p.  41)  which  proves,  that extende(i  £ur„ 

a  llroke  given  to  an  extenfive  vibrating  furface  by  a  lien der  face, 
rod,  produces  a  iound  poffefling  a  high  degree  of  force :  from 
this  it  follows,  that  the  range  of  a  found  may  be  extended  by 
enlarging  the  vibrating  furface,  while  the  magnitude  of  the 
impulfe  remains  the  fame.  The  preceding  maxim  is  oi  great 
ufe  in  acoufhcs  j  but  as  the  truth  of  this  proportion  refls  at 
prefent  on  the  authority  of  a  local  obfervation,  it  may  not 
appear  fuperfluous  to  give  a  few  eafy  experiments  in  confir¬ 
mation  of  the  fact. 

Experiment  /.—My  firft  attempt  endeavoured  to  prove,  that  Exp.  i.  The 
when  a  found  ceales  to  be  audible  from  remotenefs,  the  en~  ^atch^udible  at 
largement  of  the  vibrating  furface  will  again  render  it  diftindt  a  greater  diftance 

at  the  fame  diftance.  For  this  purpole,  a  watch  was  witlTa  imecailic 
pended,  on  a  calm  day,  from  the  branch  of  a  tree,  about  5^  plate, 
feet  from  the  ground.  T  he  clicking  of  it  barely  reached  my 
Vol.  X, — February,  1805.  F  car, 
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Exp.  l.  The 
plate  gives  a 
considerable 
l'ound  it  Self. 


ear,  in  thofe  intervals  of  (Hence  which  were  not  diffurbed  by 
foreign  founds,  at  the  diftance  of  5\  yards;  but  when  I  re¬ 
moved  half  a  yard  farther,  the  ftrokcs  of  the  balance  were  no 
longer  heard.  A  circular  plate  of  rolled  iron,  one  foot  in 
diameter,  was  then  brought  into  contad  with  the  part  of  the 
watch  fartheft  from  me,  the  pofition  of  it  bei»g  fuch  as  to 
prefect  the  plane  of  the  circle  to  my  ear.  This  circumftance 
increafeu  the  range  of  the  found ;  for  every  ftroke  of  the  in- 
ftrument  was  diftin&ly  perceived  at  the  diftance  of  four  yards, 
when  the  filence  of  the  place  remained  undifturbed  by  other 
caufes.  The  refult  of  this  experiment  is  too  obvious  to  need 
a  comment :  and  I  have  only  to  add,  that  when  the  trial  is 
made  within  doors,  the  range  of  the  clicking  is  greatly  in- 
creafed  ;  becaufe  the  primary  found  receives  an  accefl'ion  of 
force  from  a  number  of  its  own  pulles,  which  are  relieved  to 
the  ear  by  the  furniture  and  walls. 

Experiment  //. —  I  proceeded,  in  the  next  place,  to  examine 
the  effects  produced  on  the  auditory  organs  by  the  vibrations 
communicated  to  an  elaflic  furface  by  a  watch;  the  immedi-* 
ate  found  of  which  was  fmothered  by  art.  For  this  purpofe, 
a  watch  was  placed  upon  a  cufhion,  under  an  inverted  por¬ 
celain  cup,  which  was  wrapped  externally  in  feveral  folds 
of  flannel.  The  inftrument  was  heard  with  difficulty  at  the 
diftance  of  one  foot  in  this  fort  of  confinement ;  but  when  I 
placed  the  muffler  with  the  w'atch  under  it,  upon  a  fquare 


mahogany  table  four  feet  broad,  the  clicking  noife  imparted 
by  it  to  the  top  of  the  table,  reached  the  ear  very  diftindly  at 
the  diftance  ot  four  yards.  The  lame  watch,  covered  in  like 
manner  upon  the  iron  plate  mentioned  above,  reached  my  ear 
at  the  diftance  of  22  feet.  The  apparatus  flood  in  this  trial 
upon  a  round  oak  table,  24  inches  in  diameter. 

The  enlargement  The  preceding  fad  proves  indifputably,  that  the  fecondarv 
vibrations  of  an  elaftic  furface  actually  affect  the  ear,  in  thofe 
cafes  wherein  the  pulles  never  read)  the  perfon  of  the  hearers, 
which  proceed  from  the  part  that  is  exclufively  confidered  as 
the  feat  of  found  ;  in  other  words  it  prov*»s,  that  the  caufe  of 
a  found  is  not  confined  to  the  obftacle  receiving  the  primary 
impulfe,  but  that  it  is  propagated  from  the  point  of  impaft 
through  the  contiguous  bodies.  The  firft  experiment  alfo 
(hews,  that  the  enlargement  of  the  vibrating  furface  encreafes 
the  force,  which  a  given  ftroke  exerts  upon  an  ear  placed  at 

a  given 


of  the  lurrace 
augments  the 
found. 
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a  given  difiance ;  confequently  the  increafed  force  thus  im¬ 
parted  to  a  found,  mufl  be  afcribed  to  the  co-operation  of  the 
vibrations  communicated  in  the  firfi  experiment  to  the  plate 
of  iron  ;  for  by  uniting  with  thole  of  the  watch,  they  evidently 
augmented  the  power  of  the  latter  infirument. 

A  rational  theory  of  the  forces  of  founds  may  be  formed, 
by  help  of  the  preceding  obfervalions,  in  the  following  manner  : 
Firjl,  Suppofe  the  plane  A  BC  (Plate  IV.)  to  be  one  of  the  fur- 
faces  of  an  elaflic  body,  and  let  it  receive  an  impulfe  at  the 
point  O;  then  O  will  recede  from  the  flroke  in  a  right  line 
perpendicular  to  ABC,  drawing  after  it  all  the  contiguous 
particles,  w’hich,  in  their  turn,  will  change  the  place  of  the 
next  circle  of  particles.  In  this  manner  a  circular  dent 
O  M  E  Q  T  F  will  be  formed  ;  the  center  of  w  hich  O  will  be 
below  the  plane  ABC;  M,  the  higheft  part  of  the  margin, 
will  be  above  it ;  and  the  extreme  circle  E  Q  T  F,  bounding 
the  whole,  will  lie  in  the  plane.  Second,  Thus  will  a  circu¬ 
lar  fwell  be  formed  on  the  plane,  refembling  the  circular  wave 
produced  by  a  done  dropped  into  water.  A  feries  of  thefe 
fwells  will  follow  the  firfi,  each  of  which,  in  fuccetlion,  w  ill 
lie  more  remote  from  the  center  O  than  its  predeceffor.  Third , 
The  collective  force  of  each  fwell  is  equal  to  that  of  the  fidf 
impulfe  ;  and  it  is  diffributed  over  the  furface  of  a  ring,  having 
O  for  its  center  and  O  E  for  its  breadth  ;  i,  e.  all  the  rings  are 
of  equal  breadths,  but  unequal  diameter.  Fourth ,  The  effed 
of  the  flroke  is  thus  progreffively  propagated  from  O  to  the 
more  diflant  parts  of  the  plane  ABC,  with  an  uniform  velo¬ 
city.  Fifth,  Let  P  be  the  place  of  the  ear  in  the  right  line 
O  P,  perpendicular  to  A  B  C  ;  alfo  let  G  H I J  K  be  any  fwell 
in  the  fame  plane ;  then  will  the  effect  of  that  fwell  be  carried 
to  the  ear,  in  the  conical  Ihell  O  G  I  J  K  P  ;  and  the  impulfe 
imparted  to  the  auditory  organs,  through  the  medium  of  this 
(hell,  will  be  greatefl  when  the  diameter  of  the  ring  O  I  is 
lead,  and  the  contrary.  Sixth,  If  A  B  C  be  a  concave  fphe- 
rical  furface,  having  P  for  its  center,  all  the  fwells  will  fuc- 
cedively  exert  equal  forces  on  the  ear  at  P.  Seventh ,  If  O  P 
be  put  equal  to  a,  and  /  meafure  the  force  of  a  flroke  at  the 
diftance  l  ;  then  let  v  equal  the  velocity  with  which  this  force 
propagated  from  O  over  the  fpherical  furface,  and  l  the 
breadth  of  the  rings  covered  by  the  fwells,  the  force  im« 
p  re  fled  on  the  ear  at  P  in  a  given  interval  of  time,  is  equal 

F  2  to 
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a  furface  touch¬ 
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Eighth ,  Though  time  is  infinitely  divifible  in  a  ma¬ 


thematical  fenfe,  M.  Kuler  has  fhewn  *,  that  the  ear  con¬ 
ceives  it  to  confill  of  indivifible  or  elementary  particles;  con- 
fequently  all  the  forces  which  arrive  at  P  during  one  of  thefe 
elementary  intervals,  make  a  (ingle  indivifible  impreffion  on 
an  ear  placed  at  that  point ;  becaufe  this  organ  cannot  take 
cognizance  of  a  fmaller  particle  of  time;  therefore  the  force 
of  a  found,  produced  at  the  center  ot  a  hollow  fphefe  by  the 
undulations  of  its  (urface,  is  truly  denoted  by  the  expref- 
fv 

fion  j-£.  Ninth,  In  general,  the  force  of  a  found,  at  any  in¬ 
fant  of  its  duration,  is  equal  to  the  fum  of  the  forces  exerted 
by  thofe  pulfes,  which  ilrike  the  ear  in  the  elementary  inter¬ 
val  :  Confequently,  if  the  diffance  between  the  hearer  and 
the  founding  body  be  fuch,  that  lines  drawn  from  his  ear  to 
every  point  of  the  vibrating  furface,  may  be  confidered  as 

fv 

equal,  the  force  of  the  found  will  be  expretfed  by  Tenth , 


To  fhew  the  nature  of  this  theorem  by  an  example  ;  fuppofe 
a  bell  A,  the  diameter  of  whole  mouth  =  1  j,  to  be  an  octave 
below  a  bell  B,  the  diameter  of  which  =  1  :  alfo  let  A  be 
heard  tw'ice  as  far  as  B,  when  each  receives  an  equal  flroke  ; 
the  ratio  of  the  breadths  of  the  fwells  in  A  and  B  is  required. 
Let  V,  vy  be  the  velocities  of  the  fwells  in  A  and  B,  L,  /,  the 
bieadths  of  thefe  fwells ;  alfo  let  2  and  l  be  their  refpe£tive 

J'  v 

ranges:  then  fince  /  is  given, — -  =  by  the  theorem; 

T*  JLj  t 


hence,  as  V  :  4»  :  :  L  :  l.  Now  the  femi-circumferences  of 
A  and  B  are  in  the  ratio  of  3 to  1  ;  but  while  lhe  vibrations 
pafs  over  half  the  circumference  of  A,  they  pafs  and  repafs 
over  the  fame  part  of  B  :  therefore,  as  V:  v  :  :  ly  :  2:  hence 
alfo,  as  L  :  /  i  ;  1  :  6.  Q.  E.  I. 


The  principle 
extended  to 
voices  and  other 
founds. 


Should  the  principle  explained  above  be  admitted,  the  fol¬ 
lowing  conclufion  muff  alfo  be  received  as  a  neceffary  confe- 
quence  of  it :  the  voices  of  animals,  as  well  as  the  notes  of 
mulical  inftruments,  and  the  reports  produced  by  blow's  given 
to  lefs  elafiic  fabflances,  derive  no  inconfiderable  portion  of 
their  refpe&ive  forces  from  the  vibrations  of  parts  which  are 


*  Tentamen  de  Mu$.  Cap.  I.  Sec.  13. 


not 
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not  dire&ly  concerned  in  the  production  of  the  primary  found. 

This  opinion  appears  to  be  countenanced  by  an  experiment, 
which  I  have  repeated  at  different  times  under  various  forms, 
and  of  which  the  following  is  the  fubflance :  If  a  wire  be 
ffretched  by  two  pins  fixed  into  a  bad  conductor,  fuch  as  a 
block  of  /lone,  the  found  produced  by  it  is  much  weaker  than 
that  of  an  equal  wire  fimilarly  ffretched  upon  a  board,  which 
is  a  better  conductor.  In  like  manner,  if  a  circular  piece  of 
wood  be  /truck  by  a  leaden  ball  conftanlly  falling  from  the 
fame  height,  the  report  will  be  heard  at  a  greater  diffance, 
when  the  wood  is  placed  upon  a  good  conductor  of  found, 
than  when  it  refts  upon  a  bad  one.  Thefe  faCts  create  a  high 
degree  of  probability,  that  the  leading  maxim  of  this  effay  is 
applicable  to  founds  of  every  defcription,  embracing  fuch 
as  are  continuous,  as  well  as  thofe  of  a  momentary  dura¬ 
tion. 

Dr.  Matthew  Young’s  Enquiry  into  the  Phenomena  of  Similar  theory 
Sounds  has  fallen  into  my  hands  fince  the  foregoing  remarks  y0^g  ^att^cw 
were  committed  to  paper,  and  a  partial  perufal  of  the  work 
has  convinced  me,  that  the  prefent  theory  has  not  all  the 
claim  to  originality  which  I  once  fuppoled  to  be  due  to  it. 

The  ju/fice  and  neceffity  of  the  preceding  obfervation  will 
appear  from  the  Doctor’s  two  theories  of  the  Ipeaking-trumpet 
and  echoes ;  in  both  of  which  he  has  made  ufe  of  my  leading 
principle  with  luccefs.  The  maxim,  however,  has  been  ex¬ 
tended  to  a  greater  number  of  cafes  by  thefe  obfervations  ; 
befides  which,  an  attempt  has  been  made  to  demonlirate  the 
truth  of  it  by  experiment,  and  it  is  on  the  two  circumftances 
here  dated  that  the  merits  of  the  prefent  letter  mu/t  reft ;  for 
1  am  far  from  defiring  to  rob  the  celebrated  author  of  the 
enquiry  of  the  honour  due  to  his  fagacity. 

JOHN  GOUGH. 

MiddkJhjaWy  Jan.  4,  1805, 
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II. 

Ohfervationr  on  the  different  Degrees  of  Facility  'With  which 
Maffes  of  the  fame  Material  admit  of  Changes  in  their  Tem¬ 
perature;  with  Applications  of  the  Fads  to  the  Conjlrudion  oj 
Pendulums ,  and  Sjyeculations  upon  various  new  Forms  of  pen¬ 
dulous  Regulators  of  Time.  In  a  Letter  Jrom],  Whitley 
Boswell,  Ffq . 

To  Mr.  NICHOLSON. 

SIR, 

Compound  pen-  The  fatisfa<51ory  communication  on  an  ingenious  improve- 
dulums.  ment  of  the  compound  pendulum,  in  your  Journal  for  De¬ 

cember,  has  reminded  me  of  fome  ideas  which  occurred  to  me 
on  fimilar  fubjedls.  In  hopes  that  they  may  be  of  fome  ufe  in 
a  matter  fo  interefling  in  itfelf,  and  fo  important  in  its  appli¬ 
cation,  I  fend  them  for  your  opinion. 

A  very  material  point  feems  to  have  been  omitted  in  all  the 
confulerations  I  have  met  with  on  the  expanfion  of  bodies  by 
heat  ;  pyrometrical  experiments  being  directed  to  that  merely 
of  different  fubfiances  of  the  fame  lize,  but  none  being  made 
on  bodies  differing  in  bulk. 

Bodies  arc  more  Though  various  bodies  differ  in  their  degree  of  expanfion 
or  lefs  fpcedily  by  heat  according  to  their  materials,  yet  all  are  fubjeft  to 
accord* ng *to  ^C^cer^a‘n  ^aws  on  this  point,  depending  on  their  dimenfions ; 
their  dimenfions  for  as  bodies  receive  or  communicate  heat  by  their  furfaces, 
and  figure.  and  relajn  jn  proportion  to  their  bulk,  it  follows,  that  their 
mutability  of  temperature  muff  depend  on  the  ratio  of  their 
folid  contents  to  their  furfaces  ;  and  that  the  greater  the  fur- 
face  m  proportion  to  the  bulk,  the  more  readily  will  a  body 
change  its  temperature  ;  and  on  the  contrary,  the  greater  the 
bulk  in  proportion  to  the  furface,  the  lefs  will  it  be  affedled 
by  the  flu&uating  heat  of  the  furrounding  medium. 

Deduction  of  the  The  proportion  which  the  furfaces  of  bodies  bear  to  their 
bulk  may  be  varied,  either  by  altering  their  fhape  or  changing 
their  fize.  In  the  firft  relpeCt  it  is  fufficient  to  note,  that  the 
flatter  and  longer  any  body  is,  the  greater  will  be  its  furface 
in  proportion  to  its  mafs  of  matter,  and  vice  verfa :  the  dif¬ 
ference  caufed  by  the  variation  of  bulk  can  be  more  eafily 
calculated,  as  in  bodies  of  fimilar  figures  their  furfaces  are 

exaCtly 


effects. 


admit  of  changes  in  their  TEMPERATURE.  'J'J 

exa&ly  as  the  fquares,  and  their  folid  contents  as  the  cubes  of 
their  diameters.  From  this,  and  what  has  been  already  pre- 
mifed,  it  will  follow,  that  in  bodies  of  different  fizes,  fimilarlv 
fliaped,  and  of  the  fame  fubftance,  the  capacity  for  heat  will 
be  as  the  cubes,  and  the  mutability  of  temperature  as  the 
fcpiares  of  their  diameters  or  tides  ;  and  that,  therefore,  the 
degree  of  the  tendency  of  thofe  bodies  to  maintain  an  equality 
of  temperature,  may  be  eftimated  as  their  folid  contents  minus 
the  relative  value  of  their  fur  faces  :  Bodies  whole  tliapes  are 
diffimilar,  will  in  fome  degree  be  fubjecf  to  the  fame  rule; 
but  it  is  not  material  to  the  prefent  fubjeCt  to  take  them  farther 
into  confideration. 

The  following  table  of  the  proportion  of  four  cubes  in  the  Table  of  the  ra- 
above  refpe6ts,  whofe  Tides  are  reciprocally  as  1,  2,  3,  and  4, 
will  exemplify  what  has  been  above  afTerted,  and  thew  how 
greatly  the  retention  of  temperature  of  bodies  is  increafed  by 
adding  to  their  bulk. 


Side. 

Surface. 

Change 
of  Heat  as 

Bulk. 

Capacity 
for  Heat. 

Retention 
of  Heat 
efiiruated. 

A 

Feet. 

1 

Square  Feet. 
6  :  1 

1 

Cubic  Ft. 

1 

1 

1 

B 

2 

24  :  4 

4 

8 

8 

4 

C 

3 

.54  :  9 

9 

27 

27 

18 

D 

4 

96  :  16 

16 

64 

64 

48 

From  thefe  confi derations  the  following  inferences  may  be  Inferences, 
drawn  :  ]Jl,  That  the  greater  the  bulk  of  any  body,  the  lefs 
will  be  its  mutability  of  temperature  in  proportion,  and  of 
courfe  the  lefs  will  it  alter  its  degree  of  expansion  :  2d,  That 
a  large  globe  in  the  firfl  place,  or  a  cylinder,  whole  height 
was  equal  to  its  diameter,  in  the  next  place,  or  in  the  third 
place  a  large  cube,  would  have  its  dimenfions  very  little 
changed  by  the  humiliations  of  atmofpherical  temperature. 

To  apply  thefe  principles  to  the  regulation  of  horological  Application  of 
movements  may  appear  difficult,  as  the  firff  idea  that  would  tJ 

occur  is,  that  it  w'ould  be  necefiary  to  put  thofe  large  bodies 
in  motion  for  this  purpofe  ;  but  this  is  by  no  means  neerltul, 
and  it  may  be  efFeclually  performed  by  confirming  and  fixing 
up  a  pendulum  in  fuch  a  manner,  that  its  variations  in  length 
(hall  be  corrected  by,  and  depend  oh,  thofe  of  the  large  body. 

There 
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Pendulums  of  There  is  no  need  of  much  invedigation  to  difcover  the  mode 
Crofth waite and  of  doing  this;  as  either  the  pendulum  invented  by  Mr. 

Crodhwaite,  of  Dublin,  or  that  contrived  by  Mr.  Pine,  will 
fully  anfwer  this  purpofe,  though  they  will  by  no  means  per* 
form  that  for  which  they  were  intended,—- of  effecting  a  com- 
penfation  of  themfelves,  in  the  manner  of  the  gridiron  pen¬ 
dulum. 

Their  jniftakc.  The  error  of  thefe  gentlemen,  in  this  refpedt,  is  very  fully 
pointed  out  in  a  paper  figned  A.  B.  publifhed  in  the  feventh 
Volume  of  the  Repertory  of  Arts,  which  would  have  been 
much  more  creditable  to  its  author,  had  he  not  triumphed  fo 
much  in  his  fuperior  penetration  on  the  occation,  which  has 
led  him  to  forget  himfelf  fo  far  as  to  defcend  to  the  illiberality 
of  national  reflection  on  the  part  of  Mr.  Crodhwaite:  for 
which  reafon  I  own  I  am  happy  to  have  it  in  my  power  to  give 
thefe  gentlemen  the  fatisfaftion  of  feeing  an  error  pointed  opt 
in  his  paper  in  return  ;  which  is,  where  he  aflerts  that  a  (mail 
rod  of  mahogany  mud  have  the  fame  contraction  and  dilation, 
from  change  of  heat,  as  a  folid  plank  of  the  fame  wood,  or 
words  to  that  effect,  the  fallacy  of  which  opinion  appears 
from  what  has  been  here  laid  down :  It  would  be  eafy  to  dif- 
tinguifh  this  philofophy  by  an  appellation  of  the  lame  damp 
as  that  which  A.  B.  lias  bedowed  on  Mr.  Crodh waiters  in¬ 
vention,  and  the  more  unfortunately  for  his  infinuation  on 
this  occafion,  as  the  Iridi  method  happens  to  be  the  bed  of 
the  two  ;  for  Mr.  Crodhwaite  fupported  his  pendulum  by  a 
folid  wall,  which  would  be  much  lefs  adeCted  by  change  of 
heat  in  the  air  than  the  back  of  the  clock-cafe  to  which  Mr. 
Pine  attached  his. 

Ufe  of  a  large  The  bed  method  of  applying  the  foregoing  faCts  to  the' 
block  oHlone^  regulation  of  clocks  appears  to  me  to  be,  to  procure  a  large 
dulum  and  clock. cylinder,  t>*  oCiagonal  prifm,  of  done,  the  diameter  ot  whofc 
bafe  is  equal  to  its  height,  and  exceeds  the  length  of  the  pen¬ 
dulum  by  feme  inches  at  lead,  and  as  much  larger  as  it  could 
be  got  the  better:  one  of  a  cubic  diape  would  alfe  do,  if  its 
mafs  of  matter  exceeded  that  which  could  be  got  of  the  other 
forms ;  for  this  purpofe  granite  done  feems  preferable,  and  in 
the  next  place  Portland  done,  as  they  can  be  eadly  had  in 
large  blocks;  but  it  is  probable  that  Hones  which  grow  damp 
in  inoid  weather  would  not  be  fo  proper  for  this  purpofe.  To 
this  block  of  done  a  pendulum  fliould  be  attached  with  a  fingle 

compen  fating 
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compenfating  rod  added  to  it,  in  the  fame  manner  as  that  con¬ 
structed  by  Mr.  Crofthwaite  or  by  Mr.  Pine:  the  clock  itfelf 
Should  alfo  be  fattened  to  the  (tone,  particularly  if  Mr. 

Crofthwaite’s  pendulum  is  ufed. 

The  block  of  Stone  may  be  farther  fecured  from  change  of  Defence  of  the 
temperature,  by  being  lurrounded  on  every  fide  by  brick-work,  ^nt'cm 
except  where  the  pendulum  and  clock  are  fixed,  and  having perature,  See, 
dry  faw-duft  rammed  in  between  it  and  the  brick-work. 

It  is  probable  that  a  block  thus  fitted  up,  would  vary  little 
from  changes  in  the  heat  of  the  air;  and  in  thofe  Situations 
where  large  blocks  of  Stone  are  found  naturally,  this  might 
be  done  at  a  fmall  expence :  where  a  large  block  of  Stone 
could  not  be  procured,  a  piece  of  dry  Straight-grained  red 
deal  balk,  or  folid  mahogany,  might  be  ufed  to  good  etfeCt,  ii 
well  painted,  and  inclofed  as  before  directed:  and  tor  common 
life,  it  is  probable  that  a  large  glafs  tube,  filled  with  fernen 
lycopodii,  if  to  be  had,  or  fine  dry  faw-duft,  well  doled  at 
either  end,  and  covered  with  oiled  lilk,  would  form  a  pendu¬ 
lum-rod  little  affeCted  by  heat  or  cold  ;  but  if  metal  is  pre¬ 
ferred,  then  a  tube  of  metal,  fitted  up  as  latt  directed,  would 
be  preferable  to  the  fmall  wires  now  ufed  for  this  purpofe. 

The  advantages  to  be  expected  from  the  principal  method  Advantages, 
above-mentioned,  of  fitting  up  pendulums,  is,  that  it  affords 
an  unlimited  mode  of  approximation  to  perfeCt  compenfation  ; 
and  that,  as  it  requires  no  great  refinement  of  workmanthip 
in  its  conStruCtion,  it  can  be  ufed  in  many  Situations  where  it 
would  be  impoffible  to  have  a  tubular  compenfating,  or  com¬ 
mon  gridiron  pendulum  made;  which,  notwithftanding  the 
late  improvements,  are  extremely  difficult  to  conStruCt  with 
accuracy,  as  may  be  feen  in  the  paper  pubhfhed  in  your  Jour¬ 
nal  for  December  laSt,  where  many  of  the  impediments  to  their 
perfection  are  pointed  out,  and  more  ffiil  remain  to  be  no¬ 
ticed,  of  which  the  following  deferve  fome  attention. 

The  metals  of  which  gridiron  pendulums  are  compofed,  Jmperfe&bns  of 

are  both  of  them  mixed  metals,  and  of  courf'e  every  different  compound  Pen- 

■  r  i  .  A,  .  dulums  ftated. 

parcel  of  them  made,  muff  vary  in  lome  degree  in  the  rela-  The  metals  are 

tive  quantities  of  their  component  ingredients,  and  from  thence  a?d  not 

in  their  degree  of  expanfion  by  heat.  It  may  appear  Strange  compofition 
to  call  Steel  a  mixed  metal ;  but  when  it  is  confidered  that 
charcoal  forms  a  confiderable  part  of  it,  the  juftice  of  eft i- 
piating  it  as  fuch  will  be  evident;  and  in  this  metal  the  pro¬ 
portion 
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portion  of  charcoal  in  different  parcels  of  it,  is  much  more 
various  than  that  of  zinc  is  in  bra f> :  perhaps,  for  this  reafon, 
it  might  be  better  to  ufe  fome  of  the  fimple  metals  in  the  place 
of  thefe,  in  their  conftruction. 

Another  difficulty  in  forming  thefe  pendulums  with  accu¬ 
racy,  arifes  from  the  want  of  a  good  method  of  proving  them. 
The  adjuftment  by  the  going  of  a  clock  is  (hewn  to  be  imper¬ 
fect  in  the  paper  on  the  tubailar  pendulum,  and  that  propofed 
in  its  place,  the  ufe  of  the  pyrometer,  is  equally  detective, 
for  the  following  reafons  : 

Pyrometers  are  unfit  for  meafuring  the  efteCts  of  the  heat 
and  cold  of  the  atmofphere  on  any  fubftance,  becaufe  their 
own  machinery,  and  particularly  the  part  fupporting  the  fub. 
fiance  under  trial,  is  liable  to  be  affedted  by  the  fame  caufes : 
and  in  this  cafe  the  index  will  (hew  the  fum  of  the  alteration 
of  the  fubftance,  the  part  of  the  apparatus  between  its  two 
extremities,  and  the  machinery  of  the  pyrometer,  inftead  of 
that  of  the  fubftance  alone:  and  in  applying  artificial  heat  to 
the  matter  under  trial,  it  is  extremely  difficult  to  communicate 
that  heat  equally  to  all  its  parts  at  the  fame  time,  and  fo  as 
not  to  operate  on  the  pyrometer  itfelf,  without  which  the  ex- 
actnefs  of  a  compound  pendulum  could  not  juftly  be  tried 
by  it. 

Laftly,  another  error  is  produced  in  the  computation  of  the 
aberration  of  all  pendulums,  from  not  taking  into  account  the 
dilation  and  contraction  of  the  fmall  fteel  fpring  by  which 
they  are  ufually  fufpended. 

As  all  the  ofcillatory  pendulums  yet  made  public  are  influ¬ 
enced  in  their  notation  of  time  by  the  expanfion  of  their  fub¬ 
ftance,  and  as  the  beft  contrivances  to  compenfate  this  are 
only  an  approach  to  perfection,  an  increafe  of  probability  but 
no  certainty,  it  is  therefore  an  object  worthy  attention  to  in- 
veftigate  other  methods  for  effecting  the  fame  purpofe :  for 
which  reafon  I  fhall  here  beg  leave  to  fuggeft  the  reconfider- 
ation  of  a  fpecies  of  pendulum  of  a  different  natuie,  which 
has  never  been  condemned  on  any  juft  ground  that  I  could 
hear,  and  which  in  fact  is  fo  little  known,  that  the  application 
of  a  fimilar  movement  to  other  purpofes,  is  by  many  fuppofed 
to  be  a  late  invention.  The  pendulum  which  I  allude  to,  is 
that  treated  of  in  the  fifth  Part  of  the  Horologium  OfcWotorium 
of  the  well  known  Huygens,  publiflied  in  1673,  which  he 

calls 
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calls  the  circular  pendulum,  and  which  much  refembles  the  Circular  pendu- 
centrifugal  apparatus,  ufed  frequently  about  deam-engines  to  lu*nefHuy$en*. 
regulate  the  aperture  of  the  fteam-damper,  of  which  it  pro¬ 
bably  fuggeded  the  firft  idea.  To  form  the  circular  pendu¬ 
lum,  a  fpindle  (HD,  Fig.  1,  Plate  Ilf.)  proceeds  perpen¬ 
dicularly  from  the  clock-work,  from  whence  it  receives  a  cir¬ 
cular  motion  round  its  own  axis;  to  this  is  affixed  a  lamina 
(BGA)  of  fome  breadth,  bent  according  to  a  paraboloidal 
line,  by  the  evolution  of  which  (after  it  is  joined  to  a  certain 
right  line)  a  parabola  is  formed,  the  condrudtion  of  which  is 
(hewn  in  the  eighth  proportion  of  the  third  part  of  the  above 
work  :  This  lamina  caufes  the  ball  of  the  pendulum  (F),  at¬ 
tached  by  two  threads  to  its  upper  extremity  (as  it  circulates), 

(to  perform  all  its  revolutions  (which  will  be  of  greater  or  lets 
extent  as  the  axis  moves  with  greater  or  lefs  force)  in  the  fur- 
face  of  a  conoidal  parabola  (F  E).  Huygens  declares,  that 
all  the  circles  performed  by  the  pendulum  thus  condruFted, 
will  be  ifynchronous,  and  then  ("hews  how  to  proportion  the 
parts  of  the  apparatus,  (o  as  that  each  of  its  revolutions  (hall 
be  pertormed  in  a  fecond,  or  in  half  a  fecond  :  He  fays,  the 
only  reafon  which  caufed  the  ofcillatory  pendulum  to  be  pre¬ 
ferred  to  this  was,  that  this  lad  was  more  difficult  to  condruft. 

As  this  circular  pendulum  feems  to  poflefs  the  valuable  pro¬ 
perty  of  correcting  the  alterations  caufed  in  it  by  expanfion, 
or  of  rendering  them  of  no  confequence,  the  difficulty  of  con¬ 
duction  is  a  matter  of  no  confequence,  efpecially  as  there  are 
now  to  be  found  artids  fo  much  more  excellent  in  works  of 
this  kind  than  formerly. 

Huygens  gives  the  following  chara£ter  of  this  pendulum, 
which  I  tranfcribe  in  his  own  words  :  “  Plura  tameny  hi/jus 
qunque  generis  de  quo  nunc  ioquwiur,  nec  fine  JhcceJfu,  conftruCta 
fuere  :  ejlque  in  his  fingulare  illud ,  quod  contivuo  atque  aqua - 
hili  tnotu  circumferri  cernitur  index  poftremus,  qui  fecunda  fcru- 
pula  dejiqnat,  cum  in  omnibus  aliis  horologiis  fubfultim  quafi 
feratur  :  Item  hoc  quoque ,  quod  abjque  ftrepitu  fonoque  omni 
moveantur  hoc  ratione  conjlruCta  automata ”  He  concludes  the 
book  w  ith  thirteen  theorems,  De  vi  centrifuga  ex  motu  circu- 
lari,  feveral  of  which  prove  this  kind  of  pendulum  to  have 
mod  valuable  qualities :  the  dxth  of  thefe,  being  very  remark¬ 
able,  I  copy  tor  your  readers,  who  may  not  have  an  oppor¬ 
tunity  of  feeing  the  work  which  contains  it,  as  follows  : 

«  THEOREM  A . 
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“  In  cava  faperficie  conoidis  parubolici,  quod  axem  ad  per- 
pendiculnm  erect  urn  habeat,  circuitus  omnes  mobihs,  circumfe¬ 
rential  horizonti  purallelan  percurrenlis,  five  parvatfre  maguce 
fuerint,  cr.qualibus  temporibus  peraguntur  :  qua:  tempora  fingula 
a-quantur  binis  n/cillatiombus  penduli ,  cujus  longitudo  Jit  dimi- 
dium  lateris  re&i  parabolae  genilricis.” 

From  the  above  theorem,  and  what  has  been  already  laid 
down  on  the  fubjed,  it  is  evident  that  the  circular  pendulum 
is  well  worthy  of  a  fair  trial,  and  fhould  be  recommended  to 
the  attention  of  all  fcientific  conflrudors  of  horological  move¬ 
ments. 

As  this  circular  pendulum  will  take  up  more  room  than  a 
common  one,  when  this  is  any  confiderable  inconvenience, 
one  of  the  following  conftrudions  on  the  fame  principles  (which 
have  occurred  to  me  while  writing  this  communication),  may 
be  ufed  in  its  place. 

Various  con-  The  firfl  is  as  follows :  To  a  fhort  fpindle  afeending  from 

ftrudtions  of  the  cjocic  ag  before  described,  let  there  be  attached  a  glafs  or 
circular  pendu-  '  0 

lum.  iron  tube,  bent  in  the  form  of  the  conoidal  parabola  before- 

mentioned,  and  placed  as  E  F  in  Fig.  1  :  into  this  tube  let 

there  be  poured  a  fufficient  quantity  of  mercury  to  ferve  as  a 

centrifugal  weight. 

It  appears  to  me  that  the  mercury  riling  in  the  tube,  as  it 
circulates,  by  the  centrifugal  force,  along  its  parabolical 
curve,  will  have  the  fame  effed  as  the  weight  in  Huygens's 
confirmation,  caufed  by  other  means  to  move  in  a  fimilar  line. 
The  tube  fhould  be  fufficiently  large  to  admit  the  air  to  pafs 
freely  above  the  mercury  as  it  moves  along  its  cavity,  or  elfe 
a  fm all  aperture  fhould  be  made  in  the  upper  furfaee  of  the 
tube  near  the  fpindle,  for  the  fame  purpofe:  to  prevent  alfo 
the  error  which  might  otherwife  be  caufed  by  a  varied  re- 
fiftance  to  the  motion  of  the  circulating  tube  from  the  muta¬ 
bility  of  atmofpherical  prefTure,  the  tube  may  be  inclofed  in 
a  circular  veflel  covered  at  top,  made  of  as  light  materials  as 
poffible,  and  very  fmooth  externally,  through  whofe  axis  the 
fpindle  fhould  pafs,  and  to  which  it  fhould  be  united  fo  as  to 
,  revolve  with  the  tube.  A  fecond  method  of  eflfeding  the  fame 

purpofe  is,  to  have  a  femi-cylindrical  trough  fhaped  and  placed 
in  fame  manner  as  the  above  tube,  in  which  fhould  be  put  a 
metallic  fphere  of  fmaller  diameter  than  the  trough,  that  the 

fphere 
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fphere  might  move  in  it  without  friftion ;  for,  being  thus 
formed,  it  follows,  from  the  13th  of  the  third  book  of  Euclid, 
that  the  fphere  could  never  touch  the  trough  but  in  one  point 
alone  at  the  fame  time.  A  third  method  of  conflrudtion  is, 
to  place  a  cylindrical  metallic  rod,  or  thick  wire,  bent  into 
the  parabolical  curve  before  dire&ed,  in  the  fame  portion  as 
the  above  tube  and  trough  ;  with  a  fpherical  weight  put  on  it 
fo  as  to  move  freely  along  it,  which  lati  might  be  effected  by 
a  friction-roller,  either  let  into  the  upper  part  of  the  weight, 
or  placed  above  it,  whofe  furface  fliould  be  formed  into  a  cir¬ 
cular  groove  of  larger  diameter  than  the  rod. 

Thofe  lalt  conftruCtions  feem  to  me  to  have  betides  the  far¬ 
ther  advantage,  that  any  dilation  of  their  parts  from  change  ot 
temperature,  could  only  lengthen  the  tubes  or  rods,  but  would 
not  alter  their  fhape,  on  which  alone  their  properties  depend  ; 
which  circumfiance  might  perhaps  make  them  even  more  ex- 
a<5t  than  that  propoted  by  Huygens,  the  firings,  or  appending 
part  of  which,  would  certainly  vary  in  length  ;  which,  though, 
from  the  before-recited  theorem,  it  appears  to  be  a  matter  of 
little  confequence,  yet  Huygens  feems  to  hint  that  it  would 
be  of  fome,  by  recommending  the  ufe  of  fine  chains  inflead  of 
firings  (that  their  length  might  vary  the  lefs),  in  thefe  words: 

<(  In  locum  fill  catenulam  tenuem  txav.ro ,  aliove  metallo ,  adJu- 
berc  licebit,  quo  melius  invariata  fervetur  longitude.” 

There  has  alfo  occurred  to  me  a  fpecies  of  ofcillatory  pen-  An  ofcillatory  or 
dulum  ;  which,  as  it  appears  to  have  the  fame  property  as  thofe ^lng  Pendu" 
lad  mentioned,  (of  not  being  atfedled  by  the  expanfion  of  its 
materials,)  I  (hall  here  deferibe:  It  confids  of  a  cylinder  of 
hard  metal,  A  (Fig.  A)  turned  very  true  and  fmooth,  placed 
fo  as  to  roll  back  and  forwards  alternately,  in  the  cycloidal  ca¬ 
vity  B,  cut  in  a  block  of  hard  metal  alfo,  and  well  polidied  : 
the  communication  of  motion  between  the  rolling  cylinder  and 
the  clock  w'ork  to  be  effected  by  the  rod  C,  fufpended  by  its 
upper  extremity,  and  connected  with  each  extremity  of  the 
axis  of  the  cylinder  by  the  joints  D  D  :  The  diameter  of  the 
generating  circle  of  the  cycloid  being  half  the  length  of  a 
pendulum  rod,  which  vibrates  in  the  required  time,  and  the 
cycloidal  part  well  levelled  and  firmly  fuflained.  It  feems  to 
me  that  the  cylinder  A,  when  put  in  motion,  will  ofcillate  equal 
times  on  its  cycloidal  fupport;  and,  (as  the  expanfion  of  the 
latter  will  not  alter  its  Drupe,  on  which  alone  its  properties  de¬ 
pend,) 
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pend,)  that  the  rcfult  wi!!  be  the  fame  in  every  different  tem¬ 
perature;  Bmay  alfobe  formed  of  two  cycloidal  plates,  having 


Concerning  fric¬ 
tion,  SCCt 
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circular  grooves  hollowed  on  their  edges,  and  A  have  two 
projecting  circles  turned  on  it  to  run  in  thofe  grooves;  the  me¬ 
thod  of  connecting  A  with  the  clock-work  may  alfo  be  varied 
many  other  ways. 

Before  I  conclude,  I  beg  leave  to  obferve  that  the  method, 
before  mentioned,  of  preventing  friCtion  in  the  motion  of  the 
fphere  in  the  parabolical  trough,  might  be  applied  very  bene¬ 
ficially  in  the  conftruCtion  of  rail  roads,  by  forming  the  upper 
part  of  the  rail  of  a  femi-cylindrical  fhape,  and  making  in  the 
edges  of  the  wheels,  (which  were  to  run  on  them,)  circular 
grooves,  whofe  diameters  fhould  each  exceed  that  of  the  rail ; 
in  the  ufual  way  of  forming  rail-roads,  the  lateral  fri&ion  to  the 
wheels  is  very  confiderable,  whether  they  have  flanches  to 
them,  and  the  rails  are  made  plain,  as  in  the  Swanfea  roads; 
or  the  rails  are  formed  with  riling  ledges,  and  the  wheels  plain, 
as  in  the  Croydon  road. 

I  fhall  alfo  requell  permiffion  to  mention,  in  addition  to  your 
note  on  Prony’s  condenfer  of  forces,  that  a  regulator  might  be 
formed  on  the  principles  of  the  circular  pendulum,  as  Fig.  3, 
which  would  temper  the  motion  of  wind-mills,  or  other  en¬ 
gines,  and  rcaCt  on  them  in  return,  (as  well  as  the  fly  wheel), 
in  a  much  more  fimple  and  effectual  manner  than  the  very  com¬ 
plicated  apparatus  deferibed  by  Prony  for  the  fame  purpofe, 
and  which,  feems  to  me  moreover  peculiarly  liable  to  be  broker* 
by  any  fudden  increafe  of  velocity  in  the  mill,  unlefs  formed  of 
moft  eumberous  ftrength. 

I  requefi  the  favour  of  having  the  following  typographical 
errors  noted  in  the  paper  on  my  tallow  lamp.  November, 
1 80 >•,  page  I  f 7,  line  the  eighth,  for  the  word  frefh,  read 
freely-,  and  line  the  25th,  fame  page,  between  the  words 
means  and  horizontal ,  infert  the  iettcr  P.  In  the  plate  alfo,  the 
pan  fliould  be  deeper  and  larger  than  there  reprefented,  and 
the  tallow  holder  more  central. 


I  am.  Sir, 

Your  very  humble  fervant, 

J.  WHITLEY  BOSWELL. 
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Reference  to  the  Figures. 

Ftg.  I.  An  exact  copy  of  the  figure  of  Huygens’s  circular 
pendulum,  from  the  Horologium.  B  G  A,  the  edge  of  the 
paraboloidal  lamina  :  F  E,  the  parabola  produced  by  its  means : 
F,  the  ball. 

Fg.  2.  The  firft  conftru£tion  propofed  in  place  of  Fig.  I. 
A  C,  the  parabolical  glafs  tube:  A,  the  mercury:  C,  the  air- 
vent :  B  B,  the  enclofing  circular  vefiel  reprefented  in  fe£tiona 

Fig.  3.  The  third  conftruftion  propofed  inftead  of  Fig.  1. 
AC,  the  metallic  rod  bent  into  a  parabolical  figure :  B,  the 
fpherical  weight  :  V,  the  roller  on  which  it  moves  along  A  C  : 
the  parts  in  this  figure  are  reprefented  double,  to  (hew  thebeft 
method  of  adopting  this  plan  as  a  regulator  for  wind-mills  and 
other  engines. 

Fig.  4.  The  propofed  conftruFtion  for  an  ofcillatory  pendu¬ 
lum,  which,  it  is  imagined,  will  not  be  affected  by  change  of 
temperature.  A,  the  ofcillating  cylinder:  B,  the  cycloidal 
fupport. 

Fig.  5.  A  fe6tion  of  the  trough  mentioned  in  the  fecond  pro- 
poled  conftru6tion,  with  thefphere  in  it. 


Annotations .  W.  N. 

Pyrometers, p.  74.  j  The  common  pyrometers  of  the  fhops  are  The  beft  pyro- 
indeed  liable  to  the  objeftions  of  our  author;  b  ut  ingenious  men^veefalfacious 
have  long  ago  obviated  them  in  their  experiments.  Deluc,  in  rel'ults. 
the  Philofophical  Tranfa&ions;  for  1777*  gives  a  method  of  af-Dciucs 
certaining  the  relative  expanfions  of  two  different  metals  by 
heat.  He  fufpended  one  of  the  bars  to  an  arm  proceeding 
horizontally  from  an  upright  deal  plank,  and  he  fupported  the 
other  bar  by  retting  its  lower  end  upon  a  fmall  cock  or  fiage 
proceeding  from  the  lower  end  of  the  former.  A  microfcope 
was  attached  to  the  plank  in  fuch  a  manner  that,  while  it  was 
conltantly  fupported  by  an  horizontal  arm,  it  could  be  moved 
fo  as  to  keep  the  lalh  mentioned  or  Handing  bar  in  the  focus  of 
radiation  for  difiin 6t  vifion.  Heat  was  applied  to  the  bars, 
and  the  microfcope  was  directed  to  a  point  on  the  Handing  bar. 

When  by  repeated  fhifting  the  microfcope  a  point  was  found 
which  was  neither  railed  nor  depreired  by  the  changes  of  tem¬ 
perature,  the  refpeftive  lengths  of  the  bars  were  inverfely  as 
their  expanfive  powers.  There  was  no  mechanilm,  and  the 
plank  would  remain  at  the  fame  temperature  during  the  expe¬ 
riments, 
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Ramfden’s 

pyrometer. 


Methods  of 


riments,  or  might  be  kept  fo  by  means  fimilar  to  thofe  pointed 
out  by  our  ingenious  author,  or  his  block  of  /lone  it  felt  might 
have  been  uled. 

Tliat  great  artift:  Ramfden,  whofe  mechanical  fkill  and 
clearnefs  of  intellect  were  fo  varioufly  difplayed  in  his  works, 
and  It  ill  more  in  his  converfation  to  thofe  who  remember  and 
regret  that  he  has  recorded  fo  little  of  the  ref  nits  of  his  labours: 
this  artift  firft  availed  himfelf  of  microfcopes  for  afeertaining  the 
terminal  points  of  the  lubje6t  under  examination  by  his  pyro¬ 
meter  ;  and  the  interval  between  one  microfcope  and  the  other 
was  rendered  permanent  by  fixing  them  to  arms  proceeding 
alright  angles  from  a  bar  of  iron,  kept  at  32?  by  furrounding 
it  with  melting  ice.  Phil.  Traill.  Vol.  LXXV. 

Lajlly ,  another  error ,  p.  74.]  I  believe  thefmallfpring  and  fim- 
grid-  pie  bar  part,  if  any  beneath  the  gridiron,  are  always  taken  into 

.  .  pendulums.  ^  account#  Thefe  pendulums  have  not  unfrequently  been 

w  .  fubjedted  to  a&ual  examination.  An  old  friend  of  mine,  Mr. 

Magellan  s  xn-  J 

ftrument.  J.  H.  de  Magellan  had  an  apparatus  of  tin,  (Anno  17S4-)  in 
which  he  inclofed  the  gridiron  when  to  be  examined.  It  was 
hung  by  its  fpring  to  an  arm  fixed  in  an  upright  plank  of  deal 
wood,  againft  which  plank  were  attached  thermometers  to  fliew 
its  fteadinels  of  temperature;  and  from  the  ceivter  of  ofcilla- 
lion  proceeded  a  (temporary)  rod,  the  end  of  which  pre¬ 
sented  a  dot  as  the  object  to  be  viewed  through  a  microfcope 
duly  attached  to  the  plank.  Without  dwelling  minutely  on 
this  apparatus,  1  need  only  obferve  that  neither  the  arm  of  fuf- 
penfton,  nor  the  fupport  of  the  microfcope,  nor  the  rod  from 
the  center  of  ofcillation  had  any  parts  but  fuch  as  were  paral¬ 
lel  to  the  horizon,  while  the  pendulum  itfelf  was  perpendicu¬ 
lar  fo  it,  and  consequently  that  no  error  could  arife  but  from 
expanfion  in  the  plank,  which  remained  at  the  common  tem¬ 
perature;  and  that  the  tin  apparatus  which  covered  and  enclofed 
the  pendulum  had  only  three  openings,  one  at  the  bottom,  one 
at  top,  and  one  through  which  the  rod  from  the  center  of 
ofcillation  pafled,  without  touching  the  ficies.  In  the  experi¬ 
ment,  fteam  from  boiling  water  was  admitted  below,  and  when 
the  heat  was  fo  railed,  and  the  fuppiy  kept  up,  that  uncon. 
denied  fteam  efcaped  above  the  pendulum  was  judged  to  be  at 
212°,  and  if  the  center  of  ofcillation  continued  before  the 
microfcope  without  either  rifing  or  falling,  the  compenfatiou 
was  conftdered  as  complete. 


Mr. 
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Mr.  Troughton’s  apparatus,  alluded  to  in  his  paper  is  differ-  Troughton's 
ent  from  thofe,  and  when  he  (hall  favour  me  with  the  account  P>rometer* 
of  it,  and  the  experiments  he  is  making,  the  world  will  fee  that 
it  anfwers  its  purpofe  with  fueh  facility  and  preeition  as  do  ho¬ 
nour  to  his  great  (kill  in  thefe  fubjects. 

Circular  Pendulum  of  Huygens.]  The  difficulties  attending  Remarks  on 

the  conftru&ion  of  this  pendulum  feem  to  be  principally  in  the  H“ygens’s  ^ir* 
i  i  r-  ...  .  .  .  J  cular  pendulum* 

Bring  or  chain,  rerhaps  fine  metallic  wore  might  deferve  the 

preference.  It  would  not  probably  be  difficult  to  bring  the 
curve  A  B  fufficiently  near  the  true  figure  to  anfwer  its  general 
purpofe,  through  the  changes  of  force  in  the  firft  mover,  and 
of  refiftance  in  the  air.  Pra6lical  men  have  not  thought  the 
cycloidal  cheeks  applied  by  Huygens,  and  fince  him  by  others, 
to  the  common  pendulum,  of  any  utility;  but  have  rather  di¬ 
rected  their  attention  to  fmall  vibrations,  or  an  equalizing  of 
the  firft  mover  by  periodically  detaching  the  train.  Huygens 
himfelf  alfo  propofed  this  expedient.  It  is  generally  admitted 
to  be  an  advantage  that  the  regulating  inftrument,  whether  pen¬ 
dulum  or  balance,  fhould  perform  the  greateft  part  of  its  mo¬ 
tion,  unconne&ed  with  the  train.  The  circular  pendulum  is 
conflantly  fo  connected. 

As  the  ingenious  author  has  not  detailed  his  reafons  for  Whether  it  be 
thinking  that  pendulums  of  this  kind  will  not  be  affe&ed  by  |q[ange 'fiom 
change  of  temperature,  I  would  fimply  remark  that  it  does  not  temperature, 
appear  to  me  why  an  expanfion  of  the  tiring  ffiould  not  caufe 
the  pendulum  of  Huygens  to  revolve  more  flowly,  or  that  an 
expanfion  of  the  curves  in  the  other  figures  would  not  dimi- 
nifii  their  curvature  and  produce  the  fame  retardation. 

The  tube  may  be  enclofed  in  a  circular  veffel.]  As  the  refill-  On  the  method 
ance  of  the  air  will  vary  no  lefs  than  a  tenth  or  a  fifteenth  part 
according  to  the  ftalion  of  the  barometer,  we  might  expe£t 
time  pieces  to  be  confiderably  affedfed  by  its  irregularity.  In 
aftronomical  clocks,  wdth  heavy  pendulums  and  fhort  vibra¬ 
tions,  this  quantity  is  extremely  minute,  as  is  proved  by  their 
very  correct  performance.  But  there  are  facts  attending  the 
performance  of  our  bed  portable  chronometers,  which  ffiew 
that  it  is  not  in  them  an  inconfiderable  obje<5t.  Several  years 
ago  I  entertained  a  notion  that  the  refinance  of  the  air  might 
be  rendered  equable,  or  in  fa61  done  away,  by  boxing  up  the 
balance,  as  is  here  propofed  by  our  author.  But  from  his 
own  excellent  paper  on  the  blaft  ventilator  inferted  in  the 
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fourth  volume  of  the  quarto  teries  of  this  Journal,  as  well  as 
from  thofe  of  Profetfor  Venturi,  inferted  in  the  fame  work,  I 
learned  how  greatly  the  lateral  reaction  ot  the  air,  which  is 
put  in  motion  by  bodies  palling  through  it,  mud  afleCt  their 
movements.  From  this  caule  the  value  ol  the  contrivance 
will  undoubtedly  be  diminifhed,  but  I  think  not  done  away. 
I  believe  the  famous  pocket  time-piece  made  about  the  year 
]  784,  by  Emery  of  Charing-Crofs,  for  the  Prefident  Saron 
at  Paris,  had  its  balance  boxed  up;  but  as  I  fpeak  only  from 
recollection,  it  is  quite  as  probable  that  the  whole  movement 
was  enclofed  in  a  cap  or  cafe  fliut  up  by  a  fecret  catch. 


III. 

Analytical  Experiments  and  Obfervations  on  Benzoin.  By  Mr. 

William  Brande'.  Communicated  by  the  Author .* 

The  fubftance  which  forms  the  fubject  of  the  following 
experiments,  and  which  is  generally  termed  Gum-Benjamin  or 
Benzoes,  may  be  enumerated,  among  thofe  objects,  which  till 
lately,  have  but  little  engaged  the  attention  of  chemifts. 

We  are  indebted  to  Mr.  Hatchett  for  almod  all  that  is  as  vet 
known,  as  to  the  chemical  properties  of  the  refins,  gum-refms 
and  balfams;  and  as  the  lubdance  in  quedion,  had  not  been 
examined  by  that  gentleman,  1  was  induced  to  make  the  fol¬ 
lowing  attempt. 

Benzoin  is  obtained  by  incidons  made  in  the  tree  called  Sty  rax 
Benzoe  f,  from  whence  the  baifarn  flows,  one  tree  fcarcely 
ever  yielding  more  than  three]  or  at  the  mod  four  pounds. 

Benzoin  is  generally  divided  into  two  kinds;  the  one  is 
formed  of  whitifh  yellow  tears,  refembling  almonds,  united 

*  T  he  following  experiments  were  made  merely  with  a  view  of 
afeertaining  the  effe&sof  different  menllrua  on  benzoin;  but  as  the 
aaion  of  fume  of  the  acids,  See.  would  have  been  much  lefs  in- 
tei  tiling,  without  a  knowledge  ot  the  component  parts  of  the  bal- 
iam,  l  was  Induced  to  make  forne  analytical  experiments,  which, 
though  I  fear  they  are  by  no  means  fo  accurate  as  they  ought  to  be, 
will,  I  hope,  dill  be  found  of  fome  ufe. 

* 

•f  Dryanuer  has  given  a  defeription  and  drawing  of  this  tree,  vide 
Phil.  Trans.  1787.  p.  307. 

together 
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together  by  a  brown  fubftanee  of  the  fame  nature,  and  is  dif- 
tinguiflied  by  the  name  of  benzoe  amygdaloides. 

The  other  is  a  brown  fubftanee,  fomewhat  refembling  com-  common  ben- 
mon  refin,  but  poffefling  in  other  refpefts,  the  fame  qualities  aszoin‘ 
the  former;  it  is  called  common  benzoin. 

The  difference  between  thefe  two  fpecies  is  faid  toarife  from  Caufe  of  this 
the  latter  having  been  expofed,  for  a  length  of  time,  to  the diffcrcncc* 
fun,  which  converts  the  white  benzoin  into  the  brown. 

The  benzoin  of  the  fhops  is  ufually  in  very  large  brittle  Benzoin  of  the 

maffes,  and  fuch  as  is  vvhiteft,  and  free  from  extraneous  fub~lllops* 

% 

fiances  is  the  moil  efteemed.  It  grows  in  Sumatra,  and  is 
brought  from  the  Eaft  Indies  only. 

When  chewed,  it  impreffes  a  flight  fweetnefs  on  the  palate;  Tafte. 
it  lias  however  but  little  tafte.  Its  lrnell  is  fragrant  and  very  Smell, 
agreeable,  becoming  much  more  perceptible  when  gently 
healed. 

When  thrown  on  hot  coals  it  firft:  fufes,  then  takes  fire,  emit-  Effe&s  of  heat 
ting  at  the  fame  time  a  ftrong  penetrating  odour.  Its  fpecific  °  ^  b*axcan* 
gravity,  according  to  Briflbn,  is  1 .092. 

Gren  enumerates  it  among  the  refins  *,  as  do  moll  other 
authors  of  his  time;  it  is  however  more  properly  denominated 
a  balfam,  (ince  it  is  a  combination  of  refin  and  benzoic  acid.  Compofed  of 

We  lliall  firft  examine  the  effects  of  different  menftrua  on  ref*n  aa<i  bcnxoic 
benzoin,  and  then  proceed  to  its  analyfis,  together  with  the 
methods  of  obtaining  benzoic  acid. 

§  i. 

Effects  of  different  Merflrua  on  Benzoin. 

1.  Cold  water  has  but  very  little  elfedfc  on  benzoin;  boiling  Effe&s  of  water 

water  however  extracts  a  part  of  its  acid.  on  benzoin. 

2.  Alcohol  diffolves  the  whole  of  benzoin' when  digefted  Of  alcohol, 
with  it  in  a  very  gentle  heat,  the  impurities  remaining  behind. 

The  folution  is  of  a  deep  yellow  colour,  when  perfectly  latu- 
rated,  inclining  to  reddifh  brown,  and  poffefting  in  fome  degree 
the  fragrant  fmell  of  the  balfam,  which  may  be  obtained  pure, 
either  by  gentle  evaporation  of  the  folution  or  by  the  addition 
of  water,  when  a  white  powder  precipitates,  formerly  known 
by  the  name  of  magiftery  ot  benzoin. 

The  actions  of  the  acids  on  tiie  lolution  of  benzoin  in  alcohol,  A&Ion  of  the 

,  c  •  c  it  r  acids  on  thi» 

are  very  deferving  ot  attention.  -  folutiwXi 


*  Handbuch,  §  1174.  2nd  edition, 

G  2 
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Of  muriatic  acid.  A.  Muriatic  acid  being  added,  a  white  curd  is  formed,  and 
when  three  parts  of  acid  and  one  of  the  folution  are  heated  to¬ 
gether,  a  very  fmall  part  of  the  balfam  is  redifTolved,  which 
feparates  as  the  mixture  cools,  while  the  remainder  is  converted 
into  a  black  brittle  fubftance  when  cold,  part  of  the  benzoic 
acid  having  been  diflipated  by  the  heat  and  part  ditfolved,  fome 
of  which  feparates  in  the  form  of  a  white  fcum,  as  the  mixlur# 
cools,  together  with  the  benzoin. 

Of  fulphuric  B.  Two  or  three  drops  of  fulphuric  acid  added  to  the  al- 

SC1<*>  coholic  folution,  occafion  a  white  precipitate,  which  difappears 

on  the  addition  of  a  fmall  quantity  more  of  acid,  the  ‘mixture 
atfuming  the  appearance  of  port  wine. 

If  however  equal  parts  of  the  folution  and  of  fulphuric  acid 
be  mixed  together,  a  dark  pink  precipitate  is  formed,  the  fluid 
becoming  likewife  of  the  fame  colour,  but  the  addition  of 
water  changes  the  whole  to  a  lilac  colour. 

On  evaporating  a  mixture  of  equal  parts  of  folution  of  ben¬ 
zoin  and  fulphuric  acid,  the  liquid  retains  its  beautiful  red  co¬ 
lour  till  towards  the  end  of  the  procefs,  when  it  becomes  gra¬ 
dually  darker,  and  if  the  evaporation  be  carried  on  to  dryncls, 
a  black  coaly  fubfiance  remains,  a  decompofition  of  the  balfam 
having  taken  place. 

Or  tv  trie  scid.  C.  Nitric  acid  added  to  the  folution  of  benzoin  in  alcohol 
forms  a  dark  red  fluid,  and  when  equal  quantities  are  mixed,  a 
violent effervefcence  takes  place,  attended  with  theemiflion  of 
much  nitrous  gas.  It  muft  be  obferved  that  in  this  inftance, 
no  precipitate  is  formed,  which  proves  that  the  balfam  is  folu** 
bie  in  nitric  acid. 

€n  acetous  acid.  D.  The  effeds  ot  acetous  acid  do  not  exceed  thofe  of 


water. 


Ot'  acetic  acid. 


Of  the  alcalies. 


A&ion  of 
ether  on  bemoin 

Effects  of  the 
acids  on  this 
Ur-ist  ion. 


E.  Acetic  acid  forms  a  precipitate  when  added  to  this  fo¬ 
lution  of  benzoin.  The  effefts  produced  bv  acetic  acid  on 
benzoin  will  be  noticed  hereafter. 

F.  The  alcalies  form  no  precipitate  in  this  folution  of  ben¬ 
zoin,  although  the  mixture  in  fome  cafes  becomes  fomewhat 
turbid. 

3.  Ether  diffolves  benzoin  with  great  facility,  the  balfam 
‘being  feparated,  when  this  folution  is  agitated  with  water. 

The  effe&s  of  the  acids  on  this  ethereal  folution,  fo  nearly 
coincide  with  thofe  produced  on  the  folution  in  alcohol,  that 
there  will  be  no  need  of  a  detailed  account  of  them. 
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4.  Nitric  acid  produces  a  violent  effervefcence  when  poured  Eftc&s  of  nimc 
upon  powdered  benzoin,  the  balfam  being  at  the  fame  time  °n  cnr''‘r'* 
converted  into  an  orange  coloured  mafs. 

Six  ounces  of  nitrous  acid,  of  the  fpecific  gravity  of  1 .36  Solution, 
being  poured  on  one  hundred  grains  of  very  pure  benzoin  re¬ 
duced  into  powder,  the  mixture  being  gradually  heated  in  a 
fand  bath  till  it  boils,  a  (olution  of  a  light  yellow  colour  is 
formed.  The  (olution  thus  obtained,  depolUs  a  fmall  quantity  Separation  of 
of  benzoic  acid,  as  it  cools:  this  quantity  gradually  increafes,  fro^iC  JUd 
till  after  fome  days,  the  whole  of  the  benzoic  acid  appears  to 
have  been  feparated. 

This  fa£t  was  firft  obferved  by  Gottling;  he  does  not  how-  fir  ft  obferved  by 
ever  feem  to  have  obferved  that  the  whole  of  the  balfam  is  fo-  Gottlins* 
luble  in  nitric  acid. 

A.  When  the  above  folution,  recently  made,  is  poured  into  of  water 
water,  the  benzoin  is  precipitated,  apparently  unaltered.  folution, 

B.  Sulphuric  acid  caufes  no  alteration  in  this  folution.  °f  lulphuric 

C.  Muriatic  acid  forms  a  white  precipitate  which  is  re-  ot-  muriatic 
ditfolved  on  the  application  of  heat,  forming  a  bright  yellow'  acid, 
liquid,  which  is  a  folution  of  benzoin  in  nitro-muriatic  acid,  So!,  of  benzoin 
and  in  which  no  precipitate  is  formed  either  by  water  or  the  ^\™Ll0'rnunatlc 

alcalies.  Its  colour  is  converted  into  dark  brown,  when  ex-  Effefts  of  water 
cefs  of  potafh  is  added.  and  the  alcalies 

5.  When  fulphuric  acid  is  poured  on  pulverifed  benzoin,  an  mur.  folution. 
effervefcence  lakes  place;  part  of  the  benzoin  is  difiolved ;  ^e<^s  °f ^in¬ 
forming  a  deep  red  liquid,  and  at  the  fame  time  a  coaly  fub-  benzoin, 
dance  remains  on  the  furface.  Sulphureous  acid  gas  is  difen- 

gaged  during  the  folution. 

A.  The  alcalies  form  no  precipitate  in  this  folution,  till  after  °f  djf 
fome  hours  (landing,  when  a  dark  coloured  precipitate  is  formed,  f0]uciorj) 

B.  Water  produces  a  lilac  precipitate  in  the  recent  folution.  of  water. 

6.  Neither  muriatic  nor  acetous  acids  have  any  effect  on  Effects  of  mu. 

,  •  riatic  and  ace- 

benzo,n-  ...  .  .  tous  acids  on 

7.  Acetic  acid  diflolves  benzoin,  even  in  the  cold.  The  benzoin, 

folution  formed  by  the  affidance  of  heat  becomes  very  turbid  of  accuc  acid‘ 
on  cooling,  owing  to  the  reparation  of  the  benzoic  acid. 

A.  The  alcalies  form  a  white  precipitate  in  this  folution. —  Effedh  of  the 
The  precipitate  formed  in  the  alcoholic  folution,  (page  1  \)  foi^on!" 
is  re-diflblved  atter  fome  hours  danding. 

8.  Acetic  ether  dilfolves  benzoin,  without  the  adidance  of  °f  acetic 

ether  on  ben- 

heat. 


zoin. 


9.  When 
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Effcfts  of  fcxU  9.  When  a  boiling  lixivium  of  pure  potafli  is  poured  on 
benzoin*^  °n  benzoin,  a  folution  is  immediately  formed ;  the  fame  efi'eft  is 
produced  when  pure  foda  is  made  ufe  of.  Thefe  folutions  are 
of  a  dark  brown  colour,  and  become  turbid  after  fome  days 
expofure  to  the  air. 

I'.ficfts  of  the  Precipitates  are  formed  in  them  by  the  acids,  which  are  re¬ 
acids  on  thefe  djffolved  on  the  application  of  heat,  when  nitric  or  acetic  acids 
lolutions.  *  r 

Effedtsx)f  am-  are  added  in  excefs.  Ammonia  hkewife  diflblves  a  fmall  quan- 

xnonta  on  ben-  tity  of  benzoin,  from  which  folution  it  is  precipitated  by  the 
*oin.  . 

acids. 

•  \ 

Effefts  of  water  No  alteration  is  produced  when  the  alcaline  folutions  are 

foludoni1021^  kr£ety  diluted  with  water.* 


§  II. 


Diftillation  of 
benzoin. 


Component 
parts  of  ben¬ 
zoin. 


ANALYTICAL  EXPERIMENTS  ON  BENZOIN. 

Dijlillation  of  Benzoin. 

One  hundred  grains  of  very  pure  benzoin  were  put  into  a 
glafs  retort,  to  which  a  tubulated  receiver,  and  pneumatic  ap¬ 
paratus  were  adapted  ;  a  very  gentle  heat  was  fi j ft  applied, 
which  was  afterwards  gradually  increafed,  till  the  bottom  of 
the  retort  became  red-hot.  The  products  thus  obtained  were 
as  follows. 

Grs. 


Benzoic  acid  -----  9. 

Acidulated  water  -  5.5 

Butyraceous  and  empyreumatic  oil  -  -  60. 

Brittle  coal  -------  22. 

And  a  mixture  of  carbonated  hydrogen  and  car¬ 
bonic  acid  gas,  which  may  be  computed  at  _  3.5 


100.0 

The  quantity  of  benzoic  acid  above  mentioned  is  that  which 
may  be  feparated  by  fublimation  only,  for  on  treating  the  oil, 
(which  amounts  to  60  grains)  with  water,  five  grains  more  of 
>acid  may  be  obtained,  fo  that  100  grains  of  benzoin  contain  . 

Oil  -  -  -  55 
Acid  -  14 

*  For  an  account  of  Mr.  Hatchett's  experiments  on  the  refins, 
gum  refins,  and  balfams,  fee  Thompfon’s  Syftem  of  Chemiftry,  2d 
edition,  Vol.  IV.  page  305.  for  the  refins  and  balfams  to  page  328. 
And  from  page  341  to  347  for  the  gumrefins. 
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1  he  greatefl  quantity  o(  benzoic  acid  is  obtained  by  Chap-  Chaptal’s  me¬ 
tals  method,  which  con  lifts  in  diddling  all  the  products  over  ,thor<  °f  oln  *ininK 
together,  and  feparating  the  acid  by  means  of  boiling  water. 

The  acid,  however,  thus  obtained,  is  by  no  means  fo  pure  Scheele’s  pro¬ 
as  that  procured  by  Scheele’s  procels  which  is  certainly  far  Ccls* 
preferable  in  many  refpe&s. 

Another  way  of  obtaining  the  benzoic  acid,  is  that  recoin-  Gottling’s  pro- 
mended  by  Gdttling.  It  confifts  in  digeflmg  the  ballam,  in  a  fcfs  for  ohta,n* 
gentle  heat  with  carbonate  ol  potatli  and  precipitation  by  1  ul-  acid, 
phuric  acid.  Gren  made  ufe  of  carbonate  of  foda:  but  it  mud  Gren's  procefs. 
be  obferved  that  in  both  thefe  procefles,  the  acid  is  by  no 
means  fo  pure  as  that  obtained  by  Scheele’s  method,  becaufe 
a  far  larger  proportion  of  the  benzoin  itlelf  is  foluble  in  the 
dxed  alcalies,  than  in  lime  water,  (the  latter  only  didolving  a 
very  fmall  portion,  to  which  its  brown  colour  is  owing)  and 

•  Scheele’s  procefs  is  as  follows  :  <c  Upon  four  parts  of  unpacked 
lime  pour  12  parts  of  water,  and  after  the  ebullition  is  over  add  96 
parts  more  of  water;  then  put  12  parts  of  finely  powdered  benzoin 
into  a  tin  pan  ;  pour  upon  it  firft  about  fix  parts  of  the  above  milk 
of  lime,  mix  them  well  together,  and  thus  fucceflively  add  the  rdf 
of  the  mixture  of  lime  and  water.  If  it  be  poured  in  all  at  once, 
the  benzoin  inftead  of  mixing  with  it,  will  coagulate  and  run  to¬ 
gether  into  a  mafs.  This  mixture  ought  to  be  boiled  over  a  gentle 
file  for  half  an  hour,  with  conftant  agitation  ;  then  take  it  from  the 
fire,  let  it  Hand  quiet  for  an  hour,  in  order  that  it  may  fettle  5  pour 
off  the  fupernatent  limpid  liquor  into  a  glafs  veflel.  Upon  the  re¬ 
mainder  in  the  pans  pour  96  parts  of  pure  water,  boil  them  toge¬ 
ther  for  half  an  hour,  then  take  it  from  the  fire  and  let  it  fettle; 
add  the  fupernatent  liquor  to  the  former;  pour  upon  the  reiiduum 
lbrne  more  water,  boil  it  as  aforelaid,  and  repeat  the  fame  procels 
once  more.  At  lalf  put  all  the  reliduums  upon  a  filter,  and  pour  hot 
water  feveral  times  upon  it.  During  this  procefs,  the  calcareous 
earth  combines  with  the  acid  of  benzoin,  and  feparates  it  from  the 
refinous  particles  of  this  fubftance.  A  fmall  quantity  of  the  refin 
is  dilfolved  by  the  lime  water,  whence  it  acquires  a  yellow  colour. 

All  thefe  clear  leys  and  deco&ions  are  to  be  mixed  together  and 
boiled  down  to  24  parts,  which  are  then  to  be  (trained  into  another 
glafs  vefiel.  After  they  are  grown  cold,  muriatic  acid  is  to  be 
added,  with  conftant  ftirring,  till  there  he  no  further  precipitation, 
or  till  the  mafs  taftes  a  little  fourifh.  The  benzoic  acid  which  was 
before  held  in  folution  by  the  lime,  precipitates  in  the  form  of  a  fine 
powder.”  Vide  Thomfon’s  Chemiitry,  Vol.  II.  page  123. 
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The  acid  of 
benzoin,  firft 
deferibed  by 
Blaife  de 
Vigcnere. 


which  is  precipitated  by  the  diluted  fulphuric  acid.  The  fol¬ 
lowing  table  fhews  the  quantity  of  benzoic  acid,  obtained  by 
the  different  proceffes,  from  one  pound  of  benzoin. 


Oz. 

Dr. 

Scr. 

Crs. 

Scheele’s  procefs  - 

-  1 

6 

2 

19 

Chaptal’s  - 

2 

0 

0 

0 

By  boiling  benzoin  with  water 

-  1 

0 

0 

10 

By  Gren’s  and  Gottling’s  procefles 

I 

5 

1 

10* 

Benzoic  acid  is  deferibed  by  Blaife  de  Vigenere,  as 

long  ago 

as  the  year  1608,  in  his  treatife  on  fire  and  fait;  he  called  it 
flowers  of  benzoin,  becaufe  it  was  obtained  by  tublimalion. 
We  are  indebted  to  Tromfdorf  and  Lichtenftein  for  many  fa£ls 
relating  to  this  acid. 


Taile  of  the 
acid. 

Smell. 


Properties  in 
general. 


Properties  of  the  Acid  of  Benzoin, 

This  acid  when  obtained  according  to  Scheele’s  procefs,  is 
a  light  yellowilli  powder.  Its  tafle  is  hot  and  rather  bitter. 
It  polfefles  a  fomewhat  fragrant  fmell,  arifing  from  a  fmall  por¬ 
tion  of  the  aromatic  oil,  which  flill  adheres  to  it,  it  has  howr- 
ever  been  obtained  without  any  fmell  by  Giefe. 

It  reddens  tin&ure  of  turnfole.  It  is  volatilized  by  a  gentle 
heat,  being  converted  into  a  white  fmoke,  which  excites  a 
very  difagreeable  fenfation  in  the  throat.  When  melted,  it 
becomes  as  fluid  as  water,  and  affumes  a  radiated  furlace  on 
cooling.  Its  fpecific  gravity  is  0.667. 

Decompofition.  When  difiilled  in  clofe  veflels,  a  part  of  it  is  decompofed, 
which  is  converted  into  oil  and  carbureted  hidrogen  gas. — 

Effca?  of  ongen  Tromfdorf  f  found  that  it  w-as  not  altered  by  oxiVen  tras,  nor 
gas,  Sec,  on  this  J  &  & 

acid. 

Of  fulphuric 
acid. 


by  the  fimple  combufiibles  or  incombufiibles. 

It  is  foluble  in  fulphuric  acid,  w  hich  it  converts  into  a  brown 
liquid,  and  from  which  it  is  feparated  by  the  addition  of  water. 
The  fame  effefts  are  produced  by  nitric  acid,  and  by  fulphu- 
reous  and  nitrous  acids.  It  is  not  a&ed  upon  by  muriatic,  ox- 
Effe£ts  of  mu-  y muriatic,  or  phofphoric  acids.  It  is  eafily  foluble  in  alcohol, 
rutic  acid,  &c.  from  which  it  is  precipitated  on  the  addition  of  water.  Its 


Of  nitric  and 
fulphurous  and 
nitrous  acids. 


*  Of  pure  acid,  obtained  by  treating  the  precipitate  with  boiling 
water. 

f  See  Tromfdorf '»  experiments  on  the  benzoic  acid,  in  his  Journal 
tier  Pharraacie. 
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affinities  appear  to  be  as  follows:* — White  oxide  of  arfenic,  Its  affinities* 
potafs,  foda,  ammonia,  barytes,  lime,  magnefia,  alumina. 


Properties  of  the  Oil  of  Benzoin . 

The  oil  obtained  by  the  diftillation  of  benzoin  poflefles  a 
lfrong  empyreumatic  odour;  but  when  rectified  by  a  fecond 
diftillation4  its  fmell  is  exceedingly  fragrant  and  pleafant.  Its  Smell  and  tafte, 
tafte  is  acrimonious  and  very  difagreeable. 

When  diftilled  with  water,  it  imparts  fome  of  its  tafte  to  imparted  to 
that  fluid.  It  is  perfe&ly  foluble  in  alcohol,  the  folution  be-^^ 
coming  turbid  when  water  is  added.  alcohol. 

Sulphuric  acid  decompofes  it  in  part,  when  the  mixture  is  Adtion  of  re¬ 
heated.  Nitric  acid  acts  on  it  as  on  the  elfential  oils  in  gene-  P^imc 
ral,  converting  it  into  a  refinous  fubftance.  It  is  not  affected  of  muriatic  acid, 
by  muriatic  acid,  but  is  partially  foluble  in  acetic  acid.  It  and  the  alcalies. 
finks  in  water;  and  forms  faponaceous  compounds  with  the 
alcalies. 

Such  are  the  general  properties  of  the  acid,  and  oil  of  ben¬ 
zoin,  much  more  might  undoubtedly  befaid  concerning  them; 
but  as  the  foregoing  experiments,  were  not  made  with  a  view 
of  inveftigating  their  properties,  it  would  be  unneceflary  to 
give  a  long  account  of  them  in  this  place.  It  mud  be  obferved 
that  the  pureft  benzoin  has  been  made  ufe  of  throughout;  and 
laftly,  that  no  traces  of  alcali,  were  found  in  the  coal  which 
remains  after  diftillation. 

Arlington-Street. 


IV. 

On  the  Devitrification  of  Glafs  and  the  Phenomena  which  hap¬ 
pen  during  its  Cry  ft  alligation.  By  Dartigues. 

(Concluded  from  Page  64.) 

W HEN  clear  glades  contain  a  certain  quantity  of  a  neutral  ri^rfe<a 
fait  which  the  fire  has  not  had  time  or  force  to  diflipate,  it 
often  happens,  during  flow  cooling,  that  the  appearances 
called  greafe,  threads,  bubbles,  and  fpecks,  are  fpontaneoufly 
and  fuddenly  formed. 


*  This  table  of  affinities  was  formed  according  to  the  experiments 
of  TromfdorfF.  Vide  Thomfon’s  Syftems  of  Chemiftry,  Vol.  II. 

page  126,  2nd  edition.  Xhefe 


1 


90 


DEVITRIFICATION  OF  GLASS. 


Thefe  accidents,  their  different  caufes  and  remedies,  are 
treated  at  length  in  the  firft  part  of  my  work,  where  I  fpeak 
of  the  fonding  of  glafs ;  but  though  the  explanation  of  thefe 
facts  entirely  belongs  to  the  theory  of  devitrification,  it  will 
be  fuflicient  in  this  place  to  mention  the  phenomena  which 
arife  from  the  prefence  of  the  different  earths. 

Cryftalhiation  Colourlefs  glaffes  contain  more  or  lefs  of  lime,  for  the  rea- 
01  lime  in  glafs,  fons 

which  I  have  mentioned  in  fpeaking  of  the  different  com- 
pofitions  of  glafs.  This  lime,  when  in  excefs,  gives  cryftals 
very  well,  as  Loyfel  remarks:  they  are  eafdy  known,  and  fo 
abundant,  that  they  abfolutely  impair  the  tranfparency  :  they 
are  prifms,  which  feem  to  float  in  the  midfl  of  the  paffe  of 
glafs,  and  tend  to  unite  in  flars  differently  figured:  thefe 
prifms  are  all  nearly  of  the  fame  thicknefs,  and  two  or  three 
millimetres  in  length  (about  one-tenth  of  an  inch), 
m  large  xnafies.  When ‘this  cry flallization  takes  place  fpontaneoufly  upon 
large  maffes  at  the  bottom  of  the  furnace,  the  colour  of  the 
glafs  becomes  darker,  and  inclines  to  black,  by  the  mixture 
of  a  certain  quantity  of  the  afhes.  The  ffrialed  flars  here 
fpoken  of,  become  more  numerous,  the  more  remote  they  are 
from  the  fide  in  contaCt  with  the  fire.  Cryflallizations  at  firft 
infulated,  are  foon  fucceeded  by  a  mafs  entirely  cryftallized, 
in  which  the  vitreous  character  is  no  longer  diftinguifliable. 
Modified  cryftal-  Thefe  are  the  moft  common  characters  of  cry  flallization  ; 
Iizauons in  glafs.  }^ut  0tjiers  are  frequently  feen,  which  are  certainly  owing  to 

accident,  and  wrell  deferve  notice  on  account  of  their  va¬ 
rieties*.  I  have  fome  pieces  of  glafs  in  w'hich  cryftals  are 
difcernable,  fo  fine,  that  they  can  fcarcely  be  feen  with  a  mag¬ 
nifier.  They  are  prifms  divergent  from  the  fame  center,  and 
forming  flars,  which  frequently  do  not  exceed  one  millimetre 
(or  half  a  tenth  of  an  inch)  in  diameter  :  their  union  refembles 
a  flight  miff  in  the  pafle  of  the  glafs. 

Some  pieces  have  the  afpeCt  of  a  faline  cruft  applied  to  a 
foreign  body,  againft  which  the  glafs  was  in  eontatf.  In 
iome  of  thefe  this  cruft  being  compofed  of  ftriated  protube¬ 
rances,  appears  to  advance  more  and  more  into  the  glafs 
itfelf. 

Laftly,  there  is  another  variety  perhaps  more  curious  than 
all  the  reft,  in  which  centers,  or  cryflallizations  refembling 

*  Mr.  Sage  poffeffes  a  piece  of  giafs  cryffallized  in  fix-fided  ba- 
fahic  prifms,  totally  devitrified. 
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peas,  and  almofl  fimilar  to  grain,  are  feen  in  the  midfl  of  the 
pafle  of  glafs.  They  are  fmall  fpheres  flattened  at  each  end 
with  an  indentation  in  the  middle  of  each  depreflion.  The 
fides  have  facetts,  like  the  grain  of  Indiah  naflurtium,  and 
thefe  fafletts  are  always  fix  in  number. 

I  intend,  when  I  fhall  have  procured  a  fufficient  number  of 
this  Angular  fpecies  of  cryfial,  to  analyze  it,  in  order  to  de¬ 
termine  which  of  the  earths  it  is  that  effects  fo  extraordinary  a 
form. 

I  have  thus  given  a  fhort  account  of  the  principal  faCts 
which  characterize  the  precipitation  and  cryflallization  of  glafs. 

It  is  evident  that  they  are  of  the  fame  nature  as  thofe  produced 
by  the  cementation  pointed  out  by  Reaumur;  and  that  this 
cementation  is  always  a  more  or  lefs  abfolute  devitrification  of 
the  glafs. 

When  the  glafs  is  devitrified,  it  has  no  longer  a  vitreous  Recapitulation, 
but  a  granulated  fraCture  ;  it  has  no  tranfparency,  and  perfectly 
refembles  a  ft  one  ;  it  becomes  a  lefs  bad  conductor  of  heat  and 
of  electricity  ;  laftly,  it  is  no  longer  fufceptible  of  fufion  at  the 
fame  degree  of  heat;  and  in  order  to  reflore  it  more  eafilv  to  Revitrification, 
the  vitreous  flate,  it  muft  firft  be  pulverized,  to  bring  into 
contact  thofe  fubflances  which,  during  the  cryflallization,  had 
become  feparated  from  each  other,  and  could  no  longer  ferve 
as  fluxes  to  each  other. 

I  hope  the  novelty  of  many  of  the  facts  I  have  here  indicated.  General  conclu 

and  the  confequences  I  have  drawn  from  them,  may  be  fufti-  ^on  and  aPP1,ca 
i  •  n-  ,  r  ,  ,  ..  .  tion  to  geology, 

ciently  interefling  to  philolophers  to  have  tome  claim  to  their 

attention.  I  have  no  doubt  but  that  other  general  inductions 
will  prefent  themfelves  to  them  which  may  have  efcaped  me, 
or  which  could  not  be  introduced  in  a  fhort  memoir.  The 
refemblance  of  my  fpecimens  of  devitrified  glafs  with  thofe  of 
certain  lavas;  the  poflibility  that  other  lavas  may  have  under¬ 
gone  a  more  complete  devitrification  by  a  much  flower  cooling 
beneath  the  volcanic  currents  which  are  know  n  to  have  flowed, 
or  to  have  remained  fluid  for  whole  years  beneath  congealed 
crufls ; — every  faCt  leads  me  to  think,  that  thefe  phenomena 
may  afford  a  folution  of  many  geological  events,  concerning 
which  no  general  opinion  has  yet  been  adopted,  becaufe  there 
was  no  reafon  to  believe  that  flones  may  have  formerly  pof- 
fefled  the  vitreous  flate. 
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Apparent  reflec 
ti©n  of  cold. 


Kepler  did  not 
invent  or  know 
of  the  telefcope 
before  Galileo. 


V. 

Letter  from  a  CorrcJpondent,  relating;  to  the  apparent  Reflection 
of  Cold  and  the  Invention  of  the  Telefcope,  as  noticed  by  Sir 
H.  C.  Englefield  in  lajl  Month's  Journal. 

To  Mr.  NICHOLSON. 

SIR, 

In  juftice  to  ProfefTor  Piflet,  I  trod  you  will  have  the  good- 
nefs  to  infert  in  your  next  number  the  wrords  ot  a  note  in  his 
Ejfai  de  Phyfique,  p,  31,  where  he  deferibes  his  experiment  on 
the  apparent  reflection  of  cold  : 

**  Les  Academiciens  del  Cimento  avoient  ejfaye  de  concentrer 
le  froid  au  foyer  d’un  miroir  concave;  mais  ils  avouent  eux - 
Vi  ernes  t  que  leur  experience  avoit  ete  fuite  d'un  maniere  trap  in - 
exafte  pour  qu’on  piit  cn  rien  conclure  de  certain .” 

Perhaps  Profefl'or  PiCtet  fpeaks  too  lightly  of  the  experiment 
of  the  Academicians ;  but  fo  far  was  that  experiment  from 
being  forgotten,  that  the  account  of  it  lias  been  very  lately 
reprinted  in  the  firfi  volume  of  the  Journals  of  the  Royal 
Inftitution,  p.  221;  a  work  to  which  your  correfpondent, 
who  has  revived  the  fubjeCt  (page  1  of  your  lafl  Number), 
has  himfelf  contributed  feme  valuable  papers. 

With  refpeCt  to  the  invention  of  the  telefcope,  give  me 
leave  to  obferve,  that  perfpicillum  means  Amply  the  fight  of  an 
aflronomical  intlrument,  having  a  fmall  perforation.  If  the 
comet  in  queflion  was  furrounded  by  a  fmall  round  and  well- 
defined  nebulofity,  fuch  a  fight  might  eafily  produce  the  efleCi 
attributed  to  it.  A  telefcopic  fight  is  ufually  called  pcrjpi- 
cillum  vitreum.  Galileo  fays,  in  a  work  publilhed  in  1610, 
that  he  was  informed  of  the  invention  of  telefcopes  about  nine 
months  before.  Kepler  wrote,  in  1611,  a  valuable  work  on 
the  theory  of  dioptrics,  in  which  tfie  confiruftion  of  the  aftro- 
nomical  telefcope  is  deferibed.  Had  he  been  the  original  in¬ 
ventor  of  the  Galilean  telefcope,  he  would  not  omitted  this 
opportunity  of  fubftantialing  his  claim  to  fo  important  a  diL 
covery. 

I  am,  Sir, 

Your  very  obedient  fervant, 

ALETES. 

FucHs 
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VI. 

r afts  tending  to  decide  the  Quejtion,  (ti  zvhat  Point  of  Temperature 
Water  pojfefes  the  gveatejl  Denfity.  In  a  Letter  from  Mr. 

John  Da  lton. 


To  Mr.  NICHOLSON. 


SIR, 


According  to  the  do&rine  in  mofl  of  our  books  treat-  General  notion 
wig  of  the  elements  of  chemical  fcience,  it  is  confidered  as  a  denfeft^t^o®, 
decided  fact,  that  water  is  of  the  greateft  denfity  at  or  near  &c. 

40®  of  temperature  of  Fahrenheit's  fcale  ;  and  that,  above  or 

below  that  temperature,  it  expands  alike  by  heat  or  cold  for 

a  certain  number  of  degrees.  I  have  taught  a  different  doc-  author’s 

trine  for  fome  time  pad  ;  which  is,  that  water  is  denfeil  at  -1S  ^  p0;nt 

32°,  or  the  freezing  point,  and  that  it  expands  alike  above  of  greateft  den- 

and  below  that  point  for  at  leaf!  25°  (provided  it  does  not1' 

freeze),  and  that  the  quantity  of  expantion  is  as  the  fquare 

of  the  temperature,  reckoned  from  32°,  up  or  down;  that 

is,  if  the  expanfion  from  32  to  42°  be  denoted  by  1,  that  from 

32  to  52°  will  be  denoted  by  4,  and  that  from  32  to  62°  by  9, 

Afc,  or  nearly  fo ;  the  deviation  from  drict  accuracy  being, 
as  I  conceive,  occafioned  by  the  mercurial  thermometer  not 
being  an  exadt  meafure  of  temperature:  the  expanfion  at  22p 
.is  likewife  1,  at  12°  it  is  4,  and  at  2°  it  is  9,  »Sf c. ;  the  fame 
below  as  above  the  freezing  point.  In  confequence  of  thh,  Experiment? 
a  gentleman  of  profedional  eminence  has  undertaken  to  exa-  p^tfhe  former* 
mine  the  fubjeft  anew;  and  has  been  led,  by  an  ingenious  conclufion. 
train  of  experiments  totally  different  from  the  following,  to 
decide  in  favour  of  the  common  notion,  that  water  is  denfed 
about  40°.  Thefe  experiments  of  his  will  foon  be  publithed.  The  author  re- 
I  am  ttill,  however,  decidedly  convinced,  that  my  opinion 
above  dated  is  true,  and  that  principally  from  the  fa<5ts  I  am  vites other expe- 
about  to  date,  which  thofe  who  adopt  the  common  opinion  nmcnts* 
mud  fee  the  abfolute  neceffity  of  explaining  upon  their  prin¬ 
ciple,  or  otherwife,  of  controverting  the  facts  themfelves. 

As  this  feafon  of  the  year  is  mod  convenient  for  experiments 
of  this  nature,  I  am  the  more  folicitous  to  have  the  fafts  an¬ 
nounced,  leaving  all  explanation  for  the  prefent.  They  are 
of  a  very  Ample  nature,  and  may  be  inveftigated  with  little 
trouble  and  expence. 


A  number 
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Inftru&ions  for 
experiments. 
Procure  large 
bulbed  thermo¬ 
meters,  of  earth¬ 
en  ware,  giafs, 
metal,  Sc c. 


Fill  them  with 
boiled  water. 


Experimental 
rcfults  noted 
with  three 
earthen,  one 
giafs,  two  iron, 
one  copper,  one 
brafs,  one  pew¬ 
ter,  and  one 
leaden  thermo¬ 
meter. 


A  number  of  water  thermometers  are  to  be  procured,  the 
containing  veffels  of  which  are  of  different  materials,  as  earth¬ 
en  ware,  giafs,  and  various  metals.  Each  of  thefe  ftiould 
contain  one  or  two  ounces  (from  4  to  800  grains),  more  or 
lefs,  of  water.  Common  brown  inkflands,  which  go  by  the 
name  of  Nottingham  ware,  anfwer  very  well  for  one  fpecies, 
but  they  require  to  be  well  painted  without,  as  they  are  not 
otherwife  water-tight.  I  have  a  few  of  Queen’s  ware,  made 
purpofely  in  St  afford  (hi  re,  which  conftitute  another  fpecies 
of  earthen  ware  ;  fome  of  them  are  glazed  in  and  out  ;  others 
unglazed,  but  thefe  being  painted  without  are  made  water¬ 
tight,  and  expand  the  tame  by  heat  as  glazed  ones :  Of  giafs, 
common  thermometer  tubes,  with  larger  bulbs  than  ordinary, 
are  fufficient.  I  have  the  metallic  velfels  made  in  the  (hape 
of  cylindrical  tin  cannifters,  conical  towards  the  top,  and  at 
the  fummit  a  fmall  cylindrical  tube,  fuch  as  to  take  a  ther¬ 
mometer  tube.  The  glazed  earthen  ware  and  the  me¬ 
tallic,  require  moftly  to  be  painted  before  they  are  quite 
tight. 

The  veffels  being  thus  prepared,  they  are  to  be  filled  with 
water  previoully  boiled  to  expel  the  air  ;  a  thermometer  tube 
with  cement  is  then  fuddenly  plunged  into  the  veffel  and  ce¬ 
mented  faff;  the  water  may  then  be  driven  out  of  the  tube 
by  heat,  or  more  may  be  put.  into  it  by  a  fmall  wire  ;  it  is 
then  fit  for  u(e,  and  a  fcale  of  equal  parts  may  he  applied  to 
the  tube  ;  or  it  may  be  divided,  and  marks  made  with  a  file 
or  paint. 

Some  of  the  relults  of  my  experiments  with  inftruments  of 
this  kind,  are  as  follow  : 


}.  Brown  earthen  ware,  No.  1 

2.  Brown  earthen  ware.  No.  2 

3.  Queen’s  ware, 

4.  Flint-glafs,  ... 

5.  Iron,  thin  plate, 

6.  Tinned  iron, 

7.  Copper,  - 

8.  Brafs,  - 

9.  Pewter,  - 

10.  Lead,  - 


Water  Water  the  fame 

loweft.  height. 


at 

36p 

- 

at 

32* 

and  40 

- 

38 

- 

a. 

32 

and  44 

- 

40 

- 

- 

32 

and  48 

- 

41-*- 

- 

- 

32 

and  5  l 

42| 

- 

- 

32 

and  53 

- 

42£ 

m 

■» 

32 

and  53 

Ml 

45  r 

•» 

32 

and  59 

46 

- 

- 

32 

and  60 

- 

46 

- 

- 

32 

and  60 

- 

49 

- 

— 

32 

and  67 

Another 
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Another  phenomenon  in  thefe  inftruments  is  obfervable ;  Phenomenon  of 

it  is  not  new,  but  it  deferves  a  marked  attention  in  the  prefent th?  <-iePrefli°u  °f 
.  TC  .  _  '  a  thermometrical 

enquiry  :  It  the  apparent  expanfion  ot  water  tor  the  hrli  10°  fluid  when  the 

of  temperature,  reckoned  from  the  loweft  point  in  any  of  themftrument  1S 

above  indruments,  be  denoted  by  1;  then  if  the  inftrument/Ul<iCn,y 

taken  at  any  temperature,  be  fuddenly  plunged  in  water  of 

10°  higher  temperature,  the  water  indantly  finks  a  contider- 

able  way,  occafioned  no  doubt  by  the  veffel  being  extended 

by  the  heat  before  the  water  it  contains  has  time  to  expand. 

The  quantity  of  depreffion  in  the  different  indruinenls  was 

found  as  under : 

Brown  earthen  ware  finks  by  being  dipped  in 


water  of  10°  higher  temperature, 
Queen’s  ware, 

Flint-glafs, 

Iron,  - 
Copper, 

Brafs, 

Pewter, 

Lead, 


.2 

.3 

.25 

.66 

.9 

LI 

1.0 

1.5 


Table  of  this  de¬ 
preffion  in  the 
different  ther¬ 
mometers. 


I  fubmit  thefe  fads  to  the  confideration  of  thofe  who  feel 
intereded  in  the  enquiry  ;  and  defire  that  they  may  be  parti¬ 
cularly  invedigated  by  thofe  who  maintain  that  water  is  denfed 
at  40°. 

I  remain  your\s, 

J.  DALTON, 

Manchejler,  Jdn.  10,  1804. 
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Analytical  Experiments  and  Obfervations  on  Lac.  By  Charles 
Hat  chett,  Efq.  E.  II.  S.  From  the  Philofophical  Tranfac- 
t ions  for  1804. 

(Concluded  from  p.  54.) 


Properties  of  the  colouring  Ext  raft  of  L.ac. 

1.  Vvhen  dry,  it  is  of  a  deep  red  colour,  approaching  to  Colouring  ex- 
purplith  crimfon.  tract  ot  lac, 

2.  Being  put  on  a  red-hot  iron,  it  emits  much  fmoke,  with  a 
fmell  fomewhat  refembling  burned  animal  matter,  and  leaves 
a  very  bulky  and  porous  coal. 


3.  Water, 
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3.  Water,  when  digefted  with  it  in  a  boiling  heat,  partial!)* 
diflblves  it ;  but  the  refiduum  wras  found  to  be  ablolutely  in- 
foluble  in  water. 

4.  Alcohol  a<5ts  but  flowly  on  it;  and,  in  a  digesting  heat, 
difTolves  lefs  than  water.  The  colour  of  the  folution  is  alfo  not 
fo  beautiful ;  and  a  confiderable  part  of  the  refiduum  left  by 
alcohol  was,  when  digefted  with  water,  found  to  be  foluble, 
although  this  was  not  the  cafe,  when  the  refiduum  left  by  water 
was  treated  with  alcohol. 

5.  It  is  infoluble  in  fulphuric  ether,  excepting  a  very  fmall 
portion  of  refin,  which  appeared  to  be  accidentally  mixed 
with  it. 

6.  Sulphuric  acid  readily  diflblves  it,  and  forms  a  deep 
brownifli-red  lolution,  which,  being  diluted  with  water,  and 
faturated  with  potafn,  foda,  or  ammonia,  becomes  changed  to 
a  deep  reddifh-purple. 

7.  Muriatic  acid  diflblves  only  a  part :  the  folution  is  of  the 
colour  of  port-wine,  and,  by  the  alkalis,  is  changed  to  a  deep 
reddifh-purple. 

8.  Nitric  acid  fpeedily  diflblves  it  :  the  folution  is  yellow, 
and  rather  turbid;  but  the  red  colour  is  not  reftored  by  the 
alkalis,  for  thefe  only  deepen  the  yellow  colour.  This  nitric 
folution  did  not  afford  any  trace  of  oxalic  acid. 

9.  Acetic  acid  diflblves  it  with  great  eafe,  and  forms  a  deep 
brownifh-red  folution. 

10.  Acetous  acid  does  not  diffolve  it  quite  fo  readily,  but 
the  folution  is  of  a  brighter  red.  Both  of  the  above,  when 
faturated  with  alkalis,  are  changed  to  a  deep  reddifh- 
purple. 

11.  The  lixivia  of  potafli,  foda,  and  ammonia,  a<5t  power- 
full  y  on  this  fubflance,  and  almoft  immediately  form  perfect 
folutions,  of  a  beautiful  deep  purple  colour. 

12.  Pure 'alumina,  put  into  the  aqueous  folution,  does 

not  immediately  produce  any  effect ;  but,  upon  the  addition 
ol  a  tew  drops  of  muriatic  acid,  the  colouring  matter  fpee¬ 
dily  combines  with  the  alumina,  and  a  beautiful  lake  is 
formed.  • 

13.  Muriate  of  tin  produces  a  finecrimfon  precipitate,  when 

added  to  the  aqueous  folution. 

1  k.  A  fimilar  coloured  precipitate  is  alfo  formed,  by  the  addi¬ 
tion  of  folution  of  ifinglafs. 
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Thefe  properties  of  the  colouring  fubdance  of  lac,  efpe- 
cially  its  partial  folubility  in  water  and  in  alcohol,  and  its 
infolubility  in  ether,  together  with  the  precipitates  formed 
by  alumina  and  muriate  of  tin,  indicate  that  this  fubdance 
is  vegetable  extra<5t,  perhaps  (lightly  animalized  by  the  coc¬ 
cus. 

The  effects  which  it  produced  on  gelatin,  alfo  demondrate 
the  prefence  of  tannin  ;  but  this  very  probably  was  afforded 
by  the  (mall  portions  of  vegetable  bodies,  from  which  the 
(tick  lac  can  feldom  be  completely  feparated. 

Properties  of  the  Rcfin  of  Lac. 

This  fubdance  is  of  a  brownifh-yellow  colour;  and,  when  Relin  of  lac, 
put  on  a  red-hot  iron,  it  emits  much  (moke,  with  a  peculiar 
fweet  odour,  and  leaves  a  fpongy  coal. 

It  is  completely  foluble  in  alcohol,  ether,  acetic  acid,  nitric 
acid,  and  the  lixivia  of  potafh  and  foda. 

Water  precipitates  it  from  alcohol,  ether,  acetic  acid,  and 
partially  from  nitric  acid  ;  and  it  polfedes  the  other  general 
characters  of  a  true  redn. 

Properties  of  the  Gluten  of  Lac. 

It  has  been  already  obferved,  that  wThen  (mall  pieces  of  (hell  Gluten  of  lac. 
}ac  have  been  repeatedly  digeded  in  cold  alcohol,  they  become 
white,  bulky,  and  eladic.  By  drying,  thefe  pieces  become 
brovvnifh  and  brittle  ;  the  ela.lt icity  is  alio  dedroyed  by 
boiling  water,  exactly  as  when  the  gluten  o(  wheat  is  thus 
treated. 

If  the  pieces  of  (hell  lac,  after  the  digedion  in  alcohol, 
be  dicreded  with  diluted  muriatic  acid,  or  with  acetic  acid, 

O 

the  greater  part  of  the  gluten  is  diffolved,  and  may  be 
precipitated,  in  a  white  flaky  date,  by  alkalis;  but,  it  thefe 
lad  be  added  to  excefs,  and  heat  be  applied,  then  the  glu¬ 
tinous  fubftance  is  rediffolved,  and  may  be  precipitated  by 
acids. 

If  the  pieces  of  (hell  lac,  after  digedion  in  alcohol,  be 
treated  with  alkaline  lixivia,  tjien  the  whole  is  diffolved,  and 
forms  a  turbid  folution.  But,  when  acids  are  employed, 
the  chief  part  of  the  gluten  is  alone  acted  upon,  and  a 
condderable  refiduum  is  left,  confiding  of  the  wax,  (ome 
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of  the  refin,  and  a  portion  of  gluten,  which  has  been  pro- 
tebted  from  the  abtion  of  the  acid  by  the  two  former  fub- 
dances. 

The  above  properties  indicate  a  great  refemblance  between 
this  fubdance  and  the  gluten  of  wheat ;  1  therefore  have 
called  it  gluten,  but,  at  a  future  lime,  I  intend  to  fubjeci  it 
to  a  more  accurate  examination. 

Properties  of  the  Wax  of  Lac. 

Wax  ofjac.  If  (hell  lac  be  long,  and  repeatedly  digefted  in  boiling 

nitric  acid,  the  whole  is  difiblved,  excepting  the  wax,  which 
*  floats  on  the  furface  of  the  liquor,  like  oil,  and,  when  cold, 
may  be  collebted  ;  or  it  may  be  more  eafily  obtained  in  a 
pure  date,  by  digeding  the  refiduum  left  by  alcohol  in  boiling 
nitric  acid. 

The  wax  thus  obtained,  when  pure,  is  pale  yellowifh  white, 
and  (unlike  bees  wax)  is  devoid  of  tenacity,  and  is  extremely 
brittle. 

It  melts  at  a  much  lower  temperature  than  that  of  boiling 
water,  burns  with  a  bright  flame,  and  emits  an  odour  fome- 
what  refembling  that  of  fpermaceti. 

Water  does  not  ad  upon  it,  neither  does  cold  alcohol ;  but 
this  lad,  when  boiled,  partially  diflolves  it,  and,  upon  cooling, 
depofits  the  greater  part  ;  a  fmall  portion,  however,  remains 
in  folution,  and  may  be  precipitated  by  water. 

-  Sulphuric  ether,  when  heated,  alio  diflolves  if  ;  but,  upon 
cooling,  nearly  the  whole  is  depotited. 

Lixivium  of  potath,  when  boiled  with  the  wax,  forms  a 
milky  folution;  but  the  chief  part  of  the  wax  floats  on  the 
furface,  in  the  date  of  white  flocculi,  and  appears  to  be  con¬ 
verted  into  a  foap  of  difficult  folubilily;  it  is  no  longer  in- 
flammable,  and,  wnth  water,  forms  a  turbid  folution,  from 
which,  as  well  as  from  the  folution  in  pofadi,  the  wax  may  be 
precipitated  by  acids. 

Ammonia,  when  heated,  alfo  dilTolves  a  fmall  portion  of  the 
wax,  and  forms  a  folution  very  fimilar  to  the  former. 

Nitnc  and  muriatic  acids  do  not  fee m  to  abt  upon  the  wax  ; 
the  e debts  of  tulphuric  acid  have  not  been  examined. 

When  the  properties  of  this  fubdance  are  compared  with 
thofe  of  bees-wax,  a  difference  will  be  perceived  ;  and,  on  the 

contrary, 
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contrary,  the  moft  ftriking  analogy  is  evident,  between  the  wax  It  greatly  re- 
of  lac  and  the  myrtle  wax  which  is  obtained  from  the  Myrica  ^^les 
cerifera. 

An  account  of  the  latter  fubftance  has  been  publilhed  by 
Dr.  Boftock,  of  Liverpool,  in  Nicholfon’s  Journal,  with 
comparative  Experiments  and  Obfervations  on  bees-wax, 
fpermaceti,  adipocire,  and  the  cryftalline  matter  of  biliary- 
calculi.  * 

The  properties  of  the  myrtle  wax,  as  defcribed  in  Dr. 

Boftock’s  valuable  paper,  fo  perfectly  coincide  with  thole 
which  I  have  obferved  in  the  wax  of  lac,  that  I  cannot  but  con- 
fider  them  as  almoft  the  fame  fubftance ;  indeed  I  think  they 
may  be  regarded  as  abfolntely  identical,  if  fome  allowance  be 
made  for  the  flight  modifications  which  have  been  produced  by 
the  different  mode  of  their  formation. 

From  the  preceding  experiments  and  analyfes  we  find,  that  Component  part* 
the  varieties  of  lac  conflft  of  the  four  lubftances  which  have 
been  defcribed,  namely,  extractive  colouring  matter,  refin, 
gluten,  and  a  peculiar  kind  of  wax.  Refin  is  the  predominant 
lubftance;  but  this,  as  well  as  the  other  ingredients,  is  liable, 
in  a  certain  degree,  to  variation  in  refpeCt  to  quantity. 

According  to  the  analyfes  w'hich  have  been  defcribed,  one 
hundred  parts  of  each  variety  of  lac  yielded  as  follow's : 


Stick  Lac. 


Refin  - 

68. 

Colouring  extraCt  - 

- 

10. 

Wax 

- 

6. 

Gluten  - 

5.50 

Extraneous  fubflances 

- 

6,5  0 

9.60. 

Seed  Lac. 

Refin  - 

88.50 

Colouring  extraCt  - 

- 

2.50 

Wax 

- 

4.50 

Gluten  - 

- 

2. 

97.50. 


Shi# 


*  Nicholfon’s  Journal  for  March,  1803,  p.  1*29. 
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Lac  has  the  cha¬ 
racters  of  vege¬ 
tables  4 


It  is  very  ufeful 


for  rings,  beads 


MR.  uatchftt’s  EXPERIMENTS 

Shell  Lac . 


Refin 

- 

90.90 

Colouring  extraCl  - 

- 

- 

0.50 

Wax 

m 

4. 

Gluten 

m 

m 

2.80 

g 

1  98.20. 

The  proportions  of  the  fubftances  which  compofe  the  varie¬ 
ties  of  lac,  mutt  however  be  fubjeCl  to  very  confiderable  va¬ 
riations  ;  and  we  ought  therefore  only  to  confider  thefe  ana- 
lyfes  in  a  general  point  of  view.  Hence  we  ftiould  ftate, 
that  lac  conti  fts  principally  of  refin,  mixed  with  certain  pro¬ 
portions  of  a  peculiar  kind  of  wax,  of  gluten,  and  of  colour¬ 
ing  extract. 

The  relative  quantity  of  the  two  latter  ingredients,  very  con¬ 
i']  derably  effect  the  characters  of  the  lacs;  for  inttance,  we  may 
obferve,  that  the  glutinous  fubftance,  when  prefent  in  fliell 
lac  in  a  more  than  ufual  proportion,  probably  produces  the 
defect  obferved  in  fome  kinds  of  fealing  wax,  which,  when 
heated  and  burned,  become  blackened  by  particles  of  coal ; 
for  the  gluten  affords  much  of  this  fubftance,  and  does  not 
melt,  like  the  retin  and  wax.  From  what  has  been  ftated, 
therefore,  lac  may  be  denominated  a  cero-refm ,  mixed  with 
gluten  and  colouring  extract. 

§  III. 

GENERAL  REMARKS. 

From  the  whole  of  the  experiments  which  have  been  re¬ 
lated,  it  appears  that  although  lac  is  indifputably  the  pro¬ 
duction  of  infcCts,  yet  it  pofTefTes  few  of  the  characters  of 
animal  fubftances :  and  that  the  greater  part  of  its  aggre¬ 
gate  properties,  as  well  of  its  component  ingredients, 
arefuch  as  more  immediately  appertain  to  vegetable  bodies. 

,  or  gum  lac,  as  it  is  popularly  but  improperly  called, 
is  certainly  a  very  ufeful  fubftance;  and  the  natives  of  India 
furnifh  kill  proofs  of  this,  by  the  many  purpofes  to  which 
they  apply  it. 

’  According  to  Mr.  Kerr,  it  is  made  by  them  into  rings, 
beads,  and  other  female  ornaments. 

When 
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When  formed  into  fealing  wax,  it  is  employed  as  a  japan,  feallng  wax, 
and  is  likewife  manufactured  into  different  coloured  var- varnilbeS  i 
n  i  flies. 

The  colouring  part  is  formed  into  lakes  for  painters :  a  fort  lakes,  dying’ 
of  Spanifh  wool  for  the  ladies  is  alfo  prepared  with  it :  and, 
as  a  dying  material,  it  is  in  very  general  ufe. 

The  refinous  part  is  even  employed  to  form  grindltohes,  by  grindftones,  and 
melting  it,  and  mixing  with  itabout  three  parts  of  land.  por  poufhers  j 
making  polifliing  grindftones,  the  land  is  fitted  through  fine 
muflin  ;  but  thofe  which  are  employed  by  the  lapidaries,  are 
formed  with  powder  of  corundum,  called  by  them  Corune.  * 

But,  in  addition  to  all  the  above  ufes  to  which  it  is  applied  the  Hindu  ink ; 
in  India,  as  well  as  to  thofe  which  caufe  it  to  be  in  requeff  irt 
Europe,  Mr.  Wilkin’s  Hindu  ink  occupies  a  confpicuous  place, 
not  merely  on  account  of  its  ufe  as  an  ink,  but  becaufe  it  teaches 
us  to  prepare  an  aqueous  folution  of  lac,  which  probably  will 
be  found  of  very  extend ve  utility. 

This  folution  of  lac  in  water  may  be  advantageonfiy  cm-  water  vamiffc  - 
ployed  as  a  fort  of  varnith,  which  is  equal  in  durability,  and 
other  qualities,  to  thofe  prepared  with  alcohol ;  whilft,  by  the 
faving  of  this  liquid,  it  is  infinitely  cheaper. 

I  do  not  mean  however  to  affert  that  it  will  anfwer  equally 
well  in  all  cafes,  but  only  that  it  may  be  employed  in  many. 

It  will  be  found  likewife  of  great  ufe  as  a  vehicle  for  colours ; 
for,  when  dry,  it  is  not  eafily  affected  by  damp,  or  even  by 
water. 

With  a  folution  of  this  kind,  I  have  mixed  various  colours.  The  Jitter  very 
fuch  as  vermiliion,  fine  lake,  indigo,  Pruffian  blue,  fap  green, 
and  gamboge;  and  it  is  remarkable,  that  although  the  two  laft 
are  of  a  gummy  nature,  and  the  others  had  been  previoufly 
mixed  with  gum,  (being  cakes  of  the  patent  water-colours,} 
yet,  when  dried  upon  paper,  they  could  not  be  removed  with 
a  moiftened  fponge,  until  the  furface  ot  the  paper  itTelf  was 
ru  bbed  off. 

In  many  arts  and  manufactures,  therefore,  the  folulions  of 
lac  may  be  found  of  much  utility  ;  for,  like  mucilage,  they 
may  be  diluted  with  water,  and  yet,  when  dry,  are  little  if  at 
all  affeCted  by  it.f 

vv  e 

*  Phil.  Tranf.  1781,  p.  380. 

f  The  alkaline  folutions  of  lac  are  evidently  of  a  faponaceous 
nature,  and,  like  other  foaps,  may  be  decompofed  by  acids.  The 

entire 
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mr.  hatchett’s  experiments  on  lac. 


Hefins  afted  on 
by  acids  ini  al¬ 
kalis. 


Field  of  inquiry 


Utility  of  refm- 
ous  folutions. 


We  find,  from  the  experiments  on  lac,  that  this  fubftance  is 
foluble  in  the  alkalis,  and  in  fome  of  the  acids.  But  thi^  fa£t 
(confidering  that  refin  is  the  principal  ingredient  of  lac)  is  in 
oppofition  to  the  generally  received  opinion  of  chemifts,  namely, 
that  acids  and  alkalis  do  not  a6t  upon  refinous  bodies.  Some 
experiments,  however,  which  I  have  made  on  various  refins, 
gum-refins,  and  balfams,  fully  eftablifh,  that  thefe  fubftances 
are  powerfully  a&ed  upon  by  the  alkalis,  and  by  fome  of  the 
acids,  fo  as  to  be  completely  diffolved,  and  rendered  foluble  in 
water. 

It  will  be  a  very  wide  and  curious  field  of  inquiry,  to 
difeover  what  changes  are  thus  produced  in  thefe  bodies, 
efpecially  by  nitric  acid.  Each  fubftance  mull  form  the  fub- 
jedt  of  a  feparate  inveftigation  ;  and  there  cannot  be  a  doubt 
but  that  much  will  be  learned  refpe&ing  their  nature  and 
properties,  which  hitherto  have  been  fo  little  examined  by 
chemifls. 

The  alkaline  folutions  of  retin  may  be  found  ufeful  in  fome 
of  the  arts;  for  many  colours,  efpecially  thofe  which  are 
metallic,  when  dilTolved  in  acids,  may  be  precipitated,  com¬ 
bined  with  relin,  by  adding  the  former  to  t lie  alkaline  folu¬ 
tions  of  the  latter.  I  have  made  fome  experiments  of  this 
kind  with  fuccefs ;  and  perhaps  thefe  precedes  might  prove 
ufeful  to  dyers  and  manufadturers  of  colours.  If  is  probable 
alfo,  that  medicine  may  derive  advantages  from  fome  of  tin's 
extenfive  feries  of  alkaline  and  acid  folutions  of  the  refinous 
fubftances. 

entire  fubftance  of  lac  is  not  however  completely  diffolved,  as  ap¬ 
pears  from  the  turbidnefs  of  the  liquors.  Three  of  the  four  in¬ 
gredients,  namely,  the  refin,  the  gluten,  and  the  colouring  extract, 
appear  to  be  in  perfect  folution;  whilft  the  wax  is  only  partially 
combined  with  the  alkali,  and  forms  that  imperfectly  foluble  f’apo- 
naceous  compound  which  has  been  formerly  mentioned,  and  which 
remains  fufpended,  and  difturbs  the  tranfparency  of  the  folution. 

From  various  circumftances,  it  does  not  feem  improbable,  that 
the  long  fought  for,  but  hitherto  undifeovered  vehicle  employed  by 
the  celebrated  painters  of  the  Venetian  School,  may  have  been  fome 
kind  of  refinous  folution,  piepared  by  means  of  borax,  or  by  the 
alkalis. 
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VIII. 

A  fimple  and  accurate  Method  of  Surveying  on  Shore,  with  Juch 

Injlruments  only  as  are  in  every  one's  Pojjejfion .  By  Captain 

J.  Mortlock.  From  the  Author. 

To  Mr.  NICHOLSON. 

28,  Surry  Place,  Kent  Road, 

SIR,  7  th  January,  1805. 

Almost  all  our  treatifes  on  nautical  furveying  begin  with  Introdu&orj. 
the  explanation  and  defeription  of  what  are  called  the  neceffary  leUxr' 
inRruments,  which  are  delcribed  fo  numerous,  and  the  price 
io  confiderable,  that  very  few  can  procure  them  :  Thus  dif- 
couraged,  they  abandon  every  idea  of  making  plans  of  fuch 
ports  as  they  touch  at,  for  want  of  what  they  conceive  to  be 
the  neceffary  infl.ru ments. 

To  obviate  this  difficulty,  and  to  render  nautical  furveying 
more  general,  I  have,  in  the  annexed  paper,  attempted  to 
{hew  the  mariner  how  to  furvey  any  port  or  place  he  may- 
touch  at,  with  great  accuracy,  little  trouble,  and  without  any 
expence  for  inRruments.  Should  you  find  this  fimple  method 
deferving  of  a  place  in  your  valuable  Journal,  I  (hall  feel  my- 
felf  honoured  by  your  inlerting  it. 

I  am.  Sir, 

Your  mot!  obedient  humble  fervant, 

J.  MORTLOCK. 

FIRST  make  an  eye-lketch  of  the  place  to  be  furveyed,  as  Nautical furvey- 
the  annexed  figure,  numbering  all  the  points,  bays,  rocks,  W1^°ut  *in" 
(hoals,  &c.  Choofe  two  Rations,  as  A  and  B  (Fig.  1,  PlateV), 
whence  all  the  rocks,  points,  &c.  may  be  feen  from,  and  fo 
fituated  from  each  other,  that  the  bearings  of  the  points,  &c. 
as  taken  from  A  and  B,  fhall  interfed  at  angles  at  leaf!  greater 
than  10  degrees,  but  the  nearer  90  degrees  the  better. 

Having  chofen  the  Rations,  proceed  to  one  of  them  as  A, 
and  place  the  paper  intended  to  receive  the  plan  horizontally 
before  you,  extended  by  pins,  or  othervvife,  on  a  board  fe- 
curely  fixed,  to  prevent  it  Riifting  its  pofition  while  the  bear¬ 
ings  are  drawing* 


Stick 
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Naut'cal furvey-  Stick  a  pin  through  the  paper  firm  into  the  board,  at  (he 

mg  without  in-  parf  niean*  i0  reprefent  the  fiation  A,  and  lay  a  ruler  with  a 
perfect  firaight  edge  on  the  paper,  touching  the  pin  at  A  and 
pointing  towards  the  fiat  ion  B,  and  draw  the  line  A  B  :  in 
like  manner  draw  lines  from  A  towards  all  the  points,  rocks, 
bays,  &c.  numbering  the  lines  as  the  points,  rocks,  bays,  &c. 
are  numbered  in  the  eye-fketch  :  Proceed  next  to  the  fiation 
B,  and  place  the  board  horizontally  before  you,  fo  that  the 
line  A  B  (hall  point  back  towards  A,  and  fecure  tire  board 
with  the  fame  precaution  as  at  A,  to  prevent  its  (hitting  :  then, 
in  the  line  A  P,  fiick  a  pin  firm  through  (he  paper  into  the 
board,  in  that  part  meant  to  reprefent  the  fiation  B  ;  from 
which  point  draw  lines  pointing  towards  the  different  points, 
rocks,  &c.  as  was  done  from  A,  numbering  them  in  like 
manner.  Now,  where  the  lines  drawn  from  B  interfeft  thofe 
of  the  lame  number  drawn  from  A,  will  be  the  place  of  the 
points,  rocks,  & c.  to  which  the  lines  were  directed  to  from 
the  fiations.  Sketch  in  the  fhorc  between  the  points,  Szc. 
and  the  plan  is  completed. 

The  meridian-line  may  be  found  by  compafs,  or  more  cor- 
re&l/,  by  drawing  the  line  of  the  fun's  bearing  from  one  of 
the  fiations,  and  taking  his  altitude  at  the  fame  time.  Then 
with  the  latitude,  altitude,  and  declination,  compute  the  azi¬ 
muth,  and  lay  it  off  to  the  left  or  right  of  the  line  of  the  fun's 
bearing,  according  as  the  fun  was  to  the  right  or  left  of  the 
meridian,  and  it  will  give  the  true  north  and  fouth,  or  meri¬ 
dian-line. 

If  the  diftance  between  any  two  points  on  the  fhore  be 
mealured,  it  will  give  you  a  fcale  for  the  plan  ;  but  it  may  often 
be  found  more  convenient  to  meafure  off  a  bale,  as  A  C, 
from  one  of  the  fiations,  in  a  direction  nearly  perpendicular  to 
the  line  A  B  ;  and  let  it  be  in  length  equal  to  fome  part  of  a 
geographical  mile,  as  380  feet  =  or  760  = -J,  or  1520 

=  -J,  or  3040  =  |,  or  any  part  of  a  mile ;  then  wjll  the  line 
A  C  be  a  fcale  to  the  plan. 

I  have  fuppofed  any  common  board  and  ruler  to  illufirate 
the  fimplicity  of  this  method  of  furveying  :  but  to  fuch  as  are 
provided  with  a  drawing  frame,  it  will  be  found  convenient 
to  extend  the  paper  on;  and  if  a  ruler  has  fights  perpendicular 
to  its  edge,  it  will  be  found  commodious,  and  require  Iefs 
trouble,  I  hope  the  eafe  and  expedition  with  which  the  whole 
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is  performed,  will  induce  fea-faring  people  to  amufe  them- 
(elves  by  taking  plans  of  the  places  they  touch  at:  for  it  is  by 
the  improvement  of  geography  that  the  dangers  of  navigation 
are  diminifhed,  and,  confequently,  the  lives  and  property 
embarked  in  our  fhipping  are  lets  expofed  to  danger. 

J.  MORTLOCK. 


IX. 

Notice  of  an  Omiffion  in  Accum’s  Chemijlry,  of  the  direct  Pro¬ 
duction  of  Nitric  Acid.  By  W.  F.  S. 

To  Mr.  NICHOLSON. 


SIR, 


Lincoln's  Inn,  January  7,  1805. 


rING  in  your  Philofophical  Journal  fpoken  very  hand- Nitre  and  nitric 


Hav 

fomely,  and  not  undefervingly  fo,  of  Mr.  Accumhs  Treatife  a^ld  *n^Accum’s 
on  Chemiftry,  it  would  not  perhaps  be  improper  in  otie  of chemiftr7* 
your  enfuing  Numbers,  either  to  elucidate  or  correct  a  fmall 
difficulty,  or  rather  error,  in  that  book.  In  defcribing  the 
mode  of  producing  nitric  acid,  in  the  fecond  volume  of  Mr. 

A/s  work,  p.  286,  he  puts  as  a  principal  ingredient  nitrate 
of  potafh  :  Now,  on  referring  to  the  mode  of  obtaining  nitrate 
of  potafh  in  page  287,  and  following  page,  it  is  defcribed  as 
being  produced  by  neutralizing  the  carbonate  of  potafh  with 
nitric  acid ;  Now,  Sir,  it  is  pretty  evident,  that  the  means  of 
preparing  either  nitric  acid  or  nitrate  of  potafh  is  not  given, 
or  rather  it  is  hated  by  implication ,  as  incapable  of  being  pro¬ 
duced  by  art, 

V ery  refpe&fully  your’s, 

W.  F.  C. 


P.  S.  As  this  error  can  only  be  re&ified  by  a  fubfequent 
edition,  it  would,  with  fubmiffion,  be  extremely  beneficial  to 
the  holders  of  the  prefent  edition,  that  you  lhould  introduce 
the  emendation  in  your  Journal. 
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X. 


On  Galvanifm.  By  Mr.  Charles  Sylvkstek. 


To  Mr.  NICHOLSON. 


SIR, 


Difficulties  re* 
fpeding  the  gal- 
v.inic  decomp  ■>- 
fxc'iorx  of  water  i 
as  to  the  dif- 
tances  of  the 
wires. 


Hypothefis  of 
Mr.  Wilkinfon 
cenfured. 


Remarks  in  de¬ 
tail  on  Mr.  W ,’s 
hypothefis. 


You  did  me  the  honour  of  inferting  in  your  valuable 
Journal,  feme  experiments  tending  to  illuftrate  the  theory  ot 
galvanifm,  I  do  not  know  who  originally  propofed  the  idea 
of  the  combination  of  electricity  with  hydrogen  (the  truth  of 
which  my  experiments  were  intended  to  efiablifh),  though  I 
am  now  bound  to  acknowledge  the  ingenuity  and  importance 
of  the  thought.  Such  an  idea  wrould  perhaps  never  have  been 
fuggefted,  had  it  not  been  for  the  very  paradoxical  appear¬ 
ances  attending  the  decompotition  of  water  by  galvanifm. 
The  appearance  of  the  hydrogen  at  fo  great  a  diflance  from 
the  oxigen,  both  of  which  rauft  have  been  produced  trom  the 
lame  particle  of  wrater,  w!as  very  fatisfa&orily  accounted  for 
by  this  conjedlure.  The  continental  philofophers,  and  Dr, 
Gibbes  of  Bath,  did  not  fo  well  account  for  the  phenomena 
by  their  hypothefis,  though  it  appeared  fo  formidable,  as  to 
threaten  the  theory  of  modern  chemiftry  with  dilTolution. 

Another  hypothefis  of  the  decompofition  of  water,  was 
given  by  Mr.  Wilkinfon,  in  his  Elements  of  Galvanifm,  and 
in  your  36th  Number.  If  we  even  allow  Mr.  W.  the  advan¬ 
tage  of  all  his  very  gratuitous  data  in  accounting  for  the  de¬ 
compofition  of  water,  the  contradiction  with  which  they 
abound,  will  totally  render  his  hypothefis  invalid. 

Mr.  W.  begins  by  fuppofing  a  particle  of  water  analogous 
to  the  Leyden  phial,  w'hich  is  the  fame  thing  as  to  fuppofe  that 
water,  a  conductor  of  electricity,  is  compofed  of  particles  in 
themfelves  non-conduCtors.  Mr.  W.  is  of  opinion,  that  the 
decompofition  takes  place  in  the  middle  of  the  liquid  between 
the  points  of  the  wires.  The  way  in  which  he  fuppofes  the 
feparation  to  be  effected,  is  fomething  like  the  idea  the  an¬ 
cients  had  of  the  folutions  of  metals  in  acids,  viz.  that  the 
metal  was  fplit  into  very  minute  particles  (capable  of  being 
fufpended  in  the  liquid)  by  the  wedge-like  particles  of  the 
acid.  After  the  decompofition  is  effected,  he  tells  us  that 
the  capacity  of  the  hydrogen  is  diminiftied  for  eleCtricity, 

while 
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while  the  capacity  of  oxigen  is  increafed  for  the  fame  fub- 
dance;  two  fa£hfor  which  I  fhould  be  glad  to  know  Mr.  W.'s 
authority.  He  now  fuppofes  the  oxigen  to  be  attradlcd  by  the 
pofitive  wire,  where  it  faturates  itlelf  with  the  eledtricity 
necefTary  to  conditute  its  gafeous  form.  The  hydrogen,  on 
the  other  hand,  is  attradled  to  the  negative  wire,  to  which  it 
mud:  give  itsexcefs  before  its  eladic  form  can  be  effected. 

Afterall  the  labour  Mr.  W.  has  bellowed  to  bring  the  hydro-  Objection, 
gen  to  one  wire,  and  the  oxigen  to  the  other,  he  does  not 
appear,  in  my  opinion,  to  have  fucceeded  ;  for  the  excefs  of 
eledlricity  in  the  hydrogen  would  be  given  to  the  deficient 
oxigen,  and  the  galfes  would  be  given  out  in  the  middle  of 
the  liquid,  and  not  at  the  ends  of  the  wires. 

Mr.  W.  mentions  the  curious  facl  of  water  not  being  de-  Water  not  de- 
compofed  in  a  very  fmall  tube,  and  alfo,  that  no  decompo-  corriP°fed  in  a 
fition  takes  place  when  the  wires  in  the  liquid  are  as  much'61*  ma  tU 
as  eight  inches  didant  from  each  other.  I  have  long  been  in 
pofifetlion  of  thefe  fa6ts  :  I  have  varied  thefe  experiments  by  Saline  folutions 
ufing,  indead  of  pure  water,  different  folutions  of  falts,  with  are  decompofed. 
a  view  to  increafe  the  conducing  power  of  the  liquid  me¬ 
dium  :  I  found  a  folution  of  carbonate  of  potafli  to  anfwer  Carbonate  of 
very  well  :  I  placed  the  wires  in  the  ends  of  a  tube  of  more  Potal11’ 
than  a  yard  in  length  :  The  decompodtion  went  on  very  ra¬ 
pidly  :  I  foon  obferved  the  pofitive  wire  coated  with  beau¬ 
tiful  carbonate  of  copper,  at  the  fame  time  I  obferved  a  ga¬ 
feous  fubdance  difengaged  :  I  found  it,  by  the  ted  of  lime- 
water,  to  be  carbonic  acid  gas.  I  obferved  the  difengage-pure  potath. 
ment  of  this  gas,  after  I  had  rendered  the  potafli  very  caudic 
by  lime. 

I  afterwards  ufed  a  tube  of  ^th  of  an  inch  in  diameter, Common  fait, 
and  five  feet  long,  into  which  I  introduced  a  faturated  folu¬ 
tion  of  common  fait.  After  the  wires  were  introduced,  and 
the  communication  made,  I  obferved  bubbles  of  hydrogen 
upon  the  negative  wire,  in  about  a  minute  alter  *. 

I  remain.  Sir, 

Your’s,  & c. 

CHARLES  SYLVESTER. 

Sheffield,  Jan.  20,  1805. 

*  This  corroborates  the  fa&  of  the  hydrogen  palling  invifibly 
through  the  liquid, 
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Jit  ply  to  the  Animadverfiom  and  Experiments  of  C.  L.  ow  r/ir  Sub¬ 
ject  of  the  Horizontal  M oon.  By  Mr.  Ezekiel  Walker. 


To  Mr.  NICHOLSON. 


Dear  Sir, 


w, 


Whether  the 


HAT  can  have  induced  your  correspondent  C.  L.  to 
attempt  to  confute  my  paper  relating  to  the  horizontal  moon, 
with  fo  much  invidioufnefs,  is  beft  known  to  himfelf.  For  my 
own  part,  I  believe  that  he  is  perfonally  unknown  to  me,  and 
that  I  am  equally  fo  to  him. 

The  firft  ltep  that  this  faftidious  writer  takes  to  difprove  the 
tetefcopr  be.  pro-  truth  of  my  petition  is  a  falle  one.  He  (ays,  that  if  Mr. 
^ain^Mr  W  *s  pohtion  were  true,  the  magnifying  power  of  the 

theory.  fame  telefcope  would  vary  with  its  aperture. ”* 

C.  L.  has  been  very  unfortunate  in  mentioning  the  telefcope, 
for  the  properties  of  that  inflrumenL  will  confute  every  argu¬ 
ment  which  he  has  ufed  againft  my  theory,  and  (how  that  his 
ill  conduced  experiments,  like  an  ignis  fatuus,  tended  only  to 
mi  Head  him. 

The  want  of  a  I  (hall  drop  this  fubjedt  for  the  prrfent,  to  examine  his  next 
standard  would  aflerlion  in  the  fame  paragraph.  The  apparent  magnitude  of 
ifeer^whe the^ a  the  paper  before  the  eye  may  become  larger,  when  the  candle 
}ef$  light  gives  a  js  (haded  with  the  hand,  for  any  thing  that  C.  L.  knows  to 
fnceto  objedi.  contrary,  as  the  increafe  is  too  (mall  to  be  perceived  by 
our  (enfes;  and  even  if  it  were  ten  times  larger  than  it  is,  it 
could  not  be  known,  becaufe  every  other  object  before  the  eye 
would  increafe  in  apparent  magnitude  at  the  fame  time,  aijd 
in  the  fame  ratio;  and  confequenlly  leave  no  ftandard  to  com¬ 
pare  the  paper  with.  To  elucidate  this  in  a  familiar  way, 
permit  me.  Sir,  to  alk  how  would  C.  L.  determine  the  number 
of  miles  between  Trofton  in  Suffolk,  and  Soho-Square  in  Lon¬ 
don,  without  fome  ftandard  meafure,  with  which  to  compare 
that  diftance. 

Stri&urcs  on  Then  follow  his  **  correct  experiments  of  the  fame  deferip- 
C.  L.’sexpen-  tioh  as  mine/’ — My  experiments  were  made  to  imitate  the  eye, 
meats.  upon  a  ]argC  fcale.  Let  us  fee  how  C.  L.  has  imitated  nature 

in  his  experiments. 


*  Philof.  Journal,  Vol.  IX.  p.  235. 
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In  his  firft  experiment,  “  from  the  flame  to  the  lens  the  dif-  Exp.  1.  The 

tance  was  49J  inches,  and  from  the  lens  to  the  image  it  was  ot>je-t  kV^s  t0° 
z  D  near  the  iem* 

88  inches. ”  Thefe  numbers  being  reduced  to  the  fcale  of  the 
human  eye,  it  will  appear  that  the  didance  between  the  cry- 
ftalline  lens  and  the  retina,  is  nearly  twice  as  great  as  be¬ 
tween  the  cryflalline  lens  and  the  objedt ;  confequently,  if  we 
take  the  diflance  between  the  cryflalline  and  the  outward  fur- 
face  of  the  cornea  into  the  calculation,  the  object  mufl  nearly 
touch  the  eye.  This,  I  think,  may  be  called  a  Jhort-fighted 
experiment. 

The  conclufion  of  C.  L,\s  paper  contains  a  number  of  par¬ 
ticulars,  in  which  he  fuppofes  I  have  erred,  and  then  modeftly 
,c  fubmits  it  to  yourfelf  and  readers,  whether  I  have  adted  con¬ 
fidently  with  the  rules  of  philofophical  invefligation,”  &:c. 

But  as  it  will  appear  hereafter,  that  none  of  thofe  errors  had 
any  exiflence,  except  in  C.  L/s  own  mind,  his  conclufion  can 
ferve  no  other  purpofe  than  to  fliew  the  temper  and  difpofltion 
of  the  writer. 

In  my  paper  which  was  honoured  with  a  place  in  the  9th  A  more  partica- 

vol.  of  this  Journal,  page  164,  I  only  gave  an  abflradt  of  a  the^uthor^s^for 
feries  of  experiments,  on  which  I  founded  my  general  con-  merexpeiunmcs, 
clufion  ;  but  it  now  appears  neceflary  to  give  a  more  particular 
account  of  them,  to  fliew  that  they  are  entitled  to  more  credit 
than  C.  L.  has  thought  flt  to  give  them. 

After  having  prepared  my  apparatus  as  deferibed  in  my 
paper  above-mentioned,  with  a  long  mould  candle  of  fix  to 
the  pound,  placed  in  an  inclined  pofition,  I  began  with  rnea- 
furing  the  focal  image  of  the  whole  lens. 

The  length  of  this  luminous  picture  upon  the  fereen,  was 
determined  by  a  pair  of  compafles,  and  a  diagonal  fcale  of 
inches.  This  meature  was  entered  on  page  1  of  a  book,  pre¬ 
pared  for  that  purpofe. 

The  card  No.  1.  was  then  placed  before  the  lens;  the 
luminous  picture 'meafured  in  the  fame  manner  as  beiore,  was 
entered  on  page  2  of  the  fame  book. 

The  meafure  of  the  picture  given  by  the  aperture.  No.  2. 
was  entered  on  the  3d  page.  And  the  meafure  of  that  given 
by  No.  3.  was  noted  down  on  the  4th  page. 

As  foon  as  thefe  four  experiments  were  finiflied,  I  began 
again  with  the  whole  lens,  and  entered  a  fecond  meafure  on 
page  1.  under  the  firfl,  and  continued  till  I  had  obtained  two 

meafures 


no 
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Principles  of 
optics  brought 
in  fupport  of 
the  author's 
theory. 

The  pencils  of 
light  that  enter 
the  eye  are 
fmaller,  the 
fmaller  the  aper¬ 
ture  of  the  ob¬ 
ject  lens; 


-—whence  it  is 
inferred  that  the 
moon’s  picture 
will  be  equally 
changed  in  fiae. 


meafures  on  earl)  page  :  and  in  this  manner,  I  continued  my 
experiments  until  I  had  obtained  five  or  fix  meafures  to  each 
aperture.  This  mode  gave  me  an  opportunity  of  feeing  how 
much  the  flame  of  the  candle  altered  in  its  length,  during  the 
time  that  I  was  making  the  experiments,  which  alteration  was 
too  finall  to  be  regarded.  The  meafures  on  each  page  being 
added  up,  and  divided  by  the  number  of  them,  gave  methofe 
numbers  which  were  inferted  in  my  paper. 

But  I  did  no,'  flop  here,  for  fets  of  experiments  were  re¬ 
peated  in  the  fame  manner,  on  fcveral  evenings,  to  afeertain 
the  fadt  more  clearly.  But  to  come  more  immediately  to  the 
point;  when  the  fun  or  moon  was  ufed  inflead  of  a  candle, 
the  fame  refult  was  oblained,  viz.  the  greatefl  aperture  gave 
the  greatefl  luminous  pidture. 

The  truth  of  this  property  in  optics,  however,  does  not 
wholly  refl  on  my  experiments,  the  tame  conclufion  may  be 
derived  from  other  principles. 

It  is  a  well  known  property  of  the  telefcope,  that  as  the 
aperture  is  contracted,  the  flender  pencils  or  cylinders  of  rays 
that  emerge  from  the  eye-glafs  into  the  eye,  are  alfo  contracted 
in  the  fame  proportion.”  * 

The  magnifying  power,  of  the  objedt  glafs  of  a  telefcope 
is  not  increafed  by  increafing  its  aperture;  but  by  increafing 
its  aperture,  you  increafe  the  magnitude  of  the  pencil  of  light 
in  its  focus:  for  as  the  eye-glafs  remains  the  fame,  the  increafe 
in  magnitude  of  the  emerging  pencil  of  rays,  mufl  depend 
upon  an  increafe  in  magnitude  of  the  pencil  in  the  focus  of  the 
objedt  glafs.  Conlequently,  when  the  moon  is  viewed,  if  the 
aperture  of  the  objedt  glafs  be  increafed,  the  picture  of  the 
moon  within  the  telefcope,  will  be  increafed  in  the  fame  ratio ; 
but  without  increafing  the  magnifying  power  of  the  inftru- 
ment. 

For  the  magnifying  power  is  =  the  diameter  of  the  aperture 
of  the  object  glafs  divided  by  the  diameter  of  the  emerging 
pencil. 


Demonjlration • 

Let  A  =  the  diameter  of  the  aperture  of  the  objedt  glafs, 
B  =  the  diameter  ot  the  emerging  pencil,  C  =  the  focal  dif- 


*  Elementary  Parts  of  Smith’s  Optics,  page  93. 
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lance  of  the  obje<5t  glafs,  and  D  (he  focal  diftance  of  theeye- 
C 

glafs.  Then— j=  the  magnifying  power. 

But  C  :  D  :  :  A  :  B.  (Smith’s  Optics,  p.  93.)  And  by  di- 
C  A 

vifion  -jy  =  Therefore  the  enlargement  of  the  picture 

of  an  object  within  the  telefcope,  does  not  increafe  its  mag¬ 
nifying  power. 

Hence  thefe  properties  of  the  telefcope  prove  to  a  demon  Conclufion. 
ftration,  that  the  conclufion  which  I  have  drawn  from  my 
experiments  is  a  law  of  vifion ;  and  this  law  (hows  us,  that  no 
concavity  of  the  Iky;  no  terreiirial  perlpeftive,  nor  even  the 
'painting  of  the  leaves  under  Black-Friar* s  Bridge,  can  explain 
the  phenomenon  in  queftion  *.  The  caufe  lies  wholly  within 
the  eye. 

It  is  a  moft  unpleafant  talk  to  enter  into  controverfy,  but  I  Refpe&ing  con* 
cannot  fee  how  I  could  avoid  it  in  this  inftance.  It  appears  (otr0VCIb* 
me.  Sir,  that  you  inferted  C.  LAs  paper  for  me  to  anfvver, 
and  I  have  complied ;  hoping,  however,  that  this  is  the  laft 
time  ot  my  having  occafion  to  ufe  my  pen,  againft  an  anony¬ 
mous  writer.  Common  juftice  feems  to  demand  the  names  of 
thofe  who  undertake  the  examination  of  fuel)  papers  as  are 
owned  by  their  refpective  authors. 

I  am.  Dear  Sir, 

Your  moft  obedient  fervant, 

EZ.  WALKER. 

Lynn,  Jan.  IS,  1805. 


XII. 

Defer  ip  tion  of  a  f  tuple  Inftrument  for  making  correal  Drawings 
from  Nature.  By  T.  C.  B. 

To  Mr.  NICHOLSON. 

SIR,  January  22,  1805. 

The  defeription  of  twro  inftruments  for  facilitating  Iand- 
fcape  drawing  from  nature  given  in  the  firft  volume,  page 
281,  of  your  Journal,  has  fuggefted  to  me  the  conftrutfion  of 

*  Philofophical  Journal,  vol.  IX.  page  237. 
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Inftrument  for 
making  correct 
drawings  from 
nature. 


another,  which  fccms  to  unite  the  accuracy  ofthefirft  of  lhofo 
inftruments  with  the  fimplicity  and  portability  of  the  fecond. 
As  I  conceive  it  may  be  of  fome  fervice  to  thole  who  are  in 
the  habit  of  fketching  landfcape,  I  fend  you  a  defcription  ot 
one  which  I  have  had  made,  that  you  may,  if  you  think  pro¬ 
per,  publitli  it  in  your  Journal.  Let  A  B,  Fig.  II.  Flute  5. 
be  a  flat  rule,  fuppofe  twelve  inches  long,  having  at  its  ex¬ 
tremities  two  arms  B  D  and  A  F  turning  upon  a  joint  at  Band 
A;  and  in  each  arm  a  circular  joint  at  C  and  G:  let  the  length 
of  each  arm  B  D  and  A  F  be  ten  inches:  a  handle  to  fix  on  E, 
and  a  thread  palling  through  two  holes  equidiftant  from  the 
handle,  making  any  length,  according  to  the  angle  under 
which  the  view  may  be  befi  feen. 

To  ufe  the  inftrument,  take  the  end  of  the  thread  in  the 
mouth,  and  hold  the  inftrument  upright  before  the  eye,  then 
move  either  or  both  of  the  arms  till  the  points  D  and  F  are 
brought  in  a  line  between  the  eye  and  any  point  in  the  land- 
fcape  you  may  with  to  delineate;  lay  the  inftrument  upon  the 
drawing  paper,  and  you  will  have  the  true  fituation  of  fuch 
part  of  the  fubjefl.  —  Proceed  in  like  manner,  taking  care  al¬ 
ways  to  keep  the  bafe  line  in  the  fame  place,  till  you  get  as 
many  points  as  you  require,  by  w'hich  means  any  landfcape  or 
building  may  be  drawn  very  expedilioufly,  and  with  a  great 
degree  of  accuracy. 

To  make  the  inftrument  as  portable  as  poflible,  there  is  a 
joint  in  A  B,  which  the  handle  covers,  and  the  pieces  D  G 
and  C  F  are  made  of  thin  brafs,  to  fold  into  the  pieces  A  C 
and  BG;  fo  that  the  inftrument,  when  folded  up,  need  oc¬ 
cupy  no  more  room  in  the  pocket  than  a  fmall  fpectacle  cafe. 

It  is  perhaps  unneceflary  to  add  that  this  inftrument  may  be 
ufed  for  the  purpofe  of  copying,  and  anfwers  the  purpofe  of 
a  triangular  or  quadrangular  compafs. 

I  am.  Sir, 

Your  mod  obedient  and  humble  fervanf, 

T.  C.  B. 

If  the  rough  inclofed  fketch  of  the  inftrument  is  not  fuffi- 
cientJy  intelligible,  Mr.  Nicholfon  may  fee  one  at  Mr.  Frazer’s, 
Optician,  in  Bond-Street. 
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Obferratinns  on  B  a  fait ,  and  on  the  Transition  from  the  vitreous 
to  the  jinny  Texture,  which  occurs  in  the  gradual  Refrigeration 
of  melted  Bafalt ;  with  fome  geological  Remarks.  In  a  Letter 
from  Gregory  Watt,  Efq.  to  the  Right  Hon.  Charles 
Greville,  V.  P.  R,  S.  From  the  Philofophical  Tranfaflions 
for  1804,  p.  279. 


SIR, 


Soho ,  April  1801. 


T 

-R  HE  important  geological  confequences  that  feem  de- Sir  James  HaTs 
ducible  from  the  changes  of  texture  developed  by  Sir  James e^Pe^ments  on 

°  '  }  the  flow  conge- 

Hall’s  very  judicious  experiments  on  the  regulated  cooling  oflation  of  fufed 

melted  bafalt,  induced  me  to  attempt  a  repetition  of  them,balalt* 
fome  time  after  the  publication  of  his  interefting  and  ingenious 
paper.  *  I  believe  that  formerly  I  had  the  honour  of  fhowing 
you  fome  of  the  refults  of  my  imperfect  and  diminutive  ex¬ 
periments,  which  only  ferved  to  afford  additional  proofs  of  the 
tranfltion  from  the  vitreous  to  the  ftony  texture,  which  takes 
place  in  the  gradual  refrigeration  of  glafs.  Circumffances 
have  prevented  my  refuming  thefe  inveftigations,  till  it  lately 
occurred  to  me  that  fomething  might  be  learned,  by  expofing 
to  the  a6tion  of  heat,  a  much  larger  mafs  of  balaltic  matter 
than,  as  far  as  I  am  informed,  had  ever  at  one  time  been  fub- 
iected  to  experiment. 

One  of  the  common  reverberatory  furnaces  ufed  in  iron  The  experiment 

founderies  for  the  fufion  of  pig-iron,  was  ftrongly  heated  bv  arepeated  on  7 

1  °  J  J  cwt.  of  rowley 

fire  maintained  for  feveral  hours.  About  feven  hundred  weight  rag. 

of  amorphous  bafalt,  here  called  Rowley  Rag,  was  broken  into 

fmall  pieces,  and  depofited  gradually  on  the  elevated  part  of 

the  interior  of  the  fu»nace,  between  the  fire  and  the  chimney, 

from  whence,  as  it  melted,  it  flowed  into  the  deeper  part,  in 

which,  in  ordinary  operations,  the  melted  iron  is  colle&ed. 

It  was  obferved  by  the  perfons  attending,  that  it  did  not  re- It  was  eafily 

quire  half  the  quantity  of  fuel  to  fufe  the  bafalt,  that  would  faled’an.^  lorrm- 

have  been  neceffary  to  melt  an  equal  weight  of  pig-iron,  when  quickly 

When  the  whole  was  melted,  it  formed  a  liquid  glafs,  rather000^* 


•  Publifhed  in  the  Tranfactions  of  the  Royal  Society  of  Edin¬ 
burgh,  Vol.  V.  and  in  our  Journal,  Vol.  V.  quarto  feries. 

Vol.  X.— February,  1805.  I  tenacious. 
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tenacious,  from  which  a  large  ladle-full  was  laken,  which,  on 
being  allowed  to  cool,  retained  the  characters  of  perfeCt  glafs. 
The  fire  was  maintained,  though  with  gradual  diminution,  for 
more  than  fix  hours;  after  which  time,  the  draught  of  the 
chimney  was  intercepted,  the  furface  of  the  glafs  was  covered 
with  healed  (and,  and  (lie  furnace  was  filled  with  coals,  which 
were  confumed  very  flowly.  It  was  eight  days  before  the 
mafs  in  the  furnace  was  fufficiently  cool  to  be  extracted,  and 
even  then  it  retained  confiderable  internal  heat. 

The  form  of  the  mafs,  being  given  by  the  bottom  of  the 
furnace,  was  confiderably  irregular,  approaching  to  the  thape 
of  a  wedge  whofe  lower  angles  were  rounded.  It  wras  nearly 
three  feet  and  a  half  long,  two  feet  and  a  half  w’ide,  about  four 
inches  thick  at  one  end,  and  above  eighteen  inches  at  the  other. 
From  this  diverlity  of  thicknefs,  and  from  the  unequal  aCtion 
of  the  heat  of  the  furnace,  too  great  an  irregularity  had  pre¬ 
vailed  in  the  refrigeration  of  the  glafs,  to  permit  its  attainment 
of  a  homogeneous  texture.  Thefe  circum (lances  might  proba¬ 
bly  have  been  counteracted  by  better  devifed  precautions;  but 
the  inequality  of  the  produCt  is  not  to  be  regretted,  (ince  it  has 
fortuitoufly  difclofed  feme  very  fmgular  peculiarities,  in  the 
arrangement  of  bodies  palling  from  a  vitreous  to  a  (tony  (tale, 
which  might  have  remained  unobferved,  if  the  defired  homo¬ 
geneity  of  the  refult  had  been  obtained.  1  (ball  now  endeavour 
to  deferibe  the  various  products  of  this  operation  ;  and  I  (hall 
alfo  fubmit  to  your  confideration,  fome  remarks  which  appear 
to  me  to  arife  naturally  from  the  phenomena  I  have  obferved  ; 
premifing  that,  except  where  my  opinions  are  fupporled  by 
the  unequivocal  demonftration  of  faCb,  I  offer  them  with  the 
utrnoft  deference  to  the  decifion  of  more  experienced  and 
judicious  mineralogifts  and  geologifls. 

It  may  be  proper  to  give' a  concife  defeription  of  rowley  rag 
itfelf  before  I  confider  the  products  which  it  yields  by  igneous 
fulion.  This  fpecies  of  bafalt  is  fine-grained,  of  a  confufed 
cryfrallized  texture ;  its  fraCture  uneven  in  fmall  pieces,  con- 
choidal  in  large  pieces.  Its  hardnefs  fuperior  to  common  glafs 
but  inferior  to  feldfpar.  Its  tenacity  confiderable.  Its  aCtion 
on  the  magnetic  needle  (Irong,  but  without  ligns  of  polarity. 
Its  fpecific  gravity,  according  to  my  trials,  2.868.  Its  general 
colour  iron  gray,  approaching  to  black.  It  is  opaque ;  and  it 

4  refle&s 
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refle&s  light  from  a  number  of  brilliant  points,  tome  of  which 
feems  to  be  teldfpar,  and  the  others  hornblende.  * 

1ft.  This  (ubftancc  is  eafily  fufed  into  glafs,  whofe  texture  is  Its  glafs. 
completely  vitreous,  with  few  air-bubble;.  Its  fra&ure  undu¬ 
lated  conchoidal.  Its  hardnefs  fuperior  to  feldfpar,  but  inferior 
to  quartz.  It  poflefles  fcarcely  any  adtion  on  the  magnetic 
needle.  Its  colour  is  black  :  it  is  nearly  opaque,  being  tranf- 
lucent  only  in  very  thin  fragments.  Its  fpecific  gravity  ap¬ 
pears  to  be  2.749. 

2d.  The  tendency  towards  arrangement  in  the 
the  fluid  glafs,  is  firft  developed  by  the  formation  of  minute  Sm^globulcs10 
globules,  which  are  generally  nearly  fpherical,  but  lometimes  appear  in  the 
elongated,  and  which  are  thickly  difleminated  through  the 
mafs.  The  colour  of  thefe  globules  is  confiderably  lighter  than 
that  of  the  glafs;  they  are  commonly  grayifh-brovvn,  fome- 
limes  inclining  to  chocolate  brown,  and,  when  they  have  been 
formed  near  the  interior  furface  of  the  cavities  in  the  glafs, 
they  projeft,  and  refemble  a  clufter  of  fmall  feeds.  Their 
diameter  rarely  exceeds  a  line,  and  feldom  attains  that  fize, 
as,  in  general,  they  are  fo  near  to  one  another,  that  their 
lurfaces  touch  before  they  can  acquire  confiderable  magnitude. 

In  the  procefs  of  cooling,  they  adapt  their  form  to  their  con¬ 
fined  fituation,  fill  up  every  interftice,  and  finally  prefent  a 
* 

*  “  The  ragflone  has  been  accurately  analyfed  by  Dr.  Withering,  Analyfis  of  rowi 
who  found  that  1000  parts  of  it  contained  475  parts  of  filiceous  ^e>’  ra?  ky  Dr. 
earth,  325  argillaceous  earth,  and  200  calx  of  iron  ;  but  this  iron  1 
feems  to  me  to  be  in  a  very  fmall  degree  of  calcination,  from  the 
dark  blue  colour  of  the  ftone,  from  the  rufty  colour  it  aflumes  on 
being  expofed  to  a  farther  ftate  of  calcination  by  air  and  water,  and 
from  the  magnetic  property  of  the  mountains,  which,  as  Dr.  Plot 
obferved,  turned  the  ;  :edle  6°  from  its  proper  direftion.  This 
magnetic  property  has  fince  been  oblerved  in  feveral  bafaltic  moun¬ 
tains,  particularly  in  the  Giant’s  Caufeway  in  Ireland,  and  very 
remarkably  in  a  bafaltic  columnar  mountain  called  Compafs  Hill, 
in  the  ifland  Cannay,  one  of  the  Hebrides,  defcribed  by  George 
Dempfter,  Efq.  in  the  Tranfa&ions  of  the  Society  of  Antiquaries 
in  Scotland,  Vol.  I.”  See  Mineralogy  of  the  South-weft  part  of 
Staffordfhire,  by  James  Keir,  Efq.  F.  R.  S.  publifhed  in  Shaw’s 
Hiftory  of  Staffordfhire,  Vol.  1. 

Mr.  Kirwan  ftates  the  fpecific  gravity  of  rowley  rag,  which  he 
calls  f err  title,  at  2.748  ;  and  afligns  its  melting  point  at  98°  of 
Wedgwood’s  pvrometer. 

I  2 
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homogeneous  body,  wholly  unlike  glafs,  and  equally  unlike 
the  parent  bafalt.  When  the  union  of  the  little  globules  has 
been  imperfe&Iy  effe&ed,  the  fracture  of  the  mafs  indicates 
its  flruClnre,  by  numerous  minute  conchoidal  fractures,  which 
difplay  the  form  of  each  globule.  But,  if  the  arrangement  has 
extended  a  little  farther,  all  thefe  fubdivifions  are  entirely  loft; 
the  mafs  becomes  perfectly  com paCl,  has  an  even  or  a  flat  con¬ 
choidal  fracture,  is  nearly  of  the  fame  hardnefs  as  the  glafs, 
is  commonly  of  a  chocolate  colour,  graduating  into  a  brownifh- 
black,  and  the  intenfity  of  the  colour  mcreafes  in  proportion  to 
the  degree  to  which  the  arrangement  has  extended.  Its  alpeCt 
is  rather greafy  ;  and  it  much  refembles  fome  varieties  of  jafper 
in  the  compaCtnefs  of  its  texture,  and  in  its  opacity.  Its  mag¬ 
netic  action  is  extremely  feeble.  Its  (pecific  gravity  appears 
to  be  2.93S. 

3d.  If  the  mafs  were  now  rapidly  cooled,  it  is  obvious  that 
the  rcfult  would  be  the  fubftance  I  have  juft  defcribed ;  but, 
if  the  temperature  adapted  to  the  farther  arrangement  of  its 
particles  be  continued,  another  change  is  immediately  com¬ 
menced,  by  the  progrefs  of  which  it  acquires  a  more  ftony 
texture,  much  greater  tenacity,  and  its  colour  deepens  as 
thefe  changes  advance,  till  it  becomes  abfolutely  black. 
Sometimes  this  alteration  is  effeCled  by  a  gradual  tranfttion, 
the  limits  of  which  cannot  be  afligned,  but  more  generally 
by  the  formation  of  fecondary  fpheroids,  in  the  heart  of  the 
compaCt  jafpedeous  fubftance.  Thefe  fperoids  differ  efien- 
tially  from  thofe  firft  defcribed  ;  the  centres  of  their  formation 
are  more  remote  from  each  other,  and  their  magnitude  is  pro- 
portionably  greater,  fometimes  extending  to  a  diameter  of 
two  inches,  and  Teeming  only  to  be  limited  by  contaCl  with 
the  peripheries  of  other  fperoids.  They  are  radiated,  with 
diftmCt  fibres ;  fometimes  the  fibres  refemble  thofe  of 
brown  haematites,  and  fometimes  they  are  fafciculated  irregu¬ 
larly,  fo  as  to  be  very  fimilar  in  appearance  to  the  argilla¬ 
ceous  iron  ores  rendered  prifmatic  by  torrefaCiion.  They  are 
generally  well  defined,  and  eafily  feparable  from  the  mafs 
they  are  engaged  in ;  and  often  the  fibres  divide  at  equal 
diftances  from  the  centre,  fo  as  to  detach  portions  of  the 
fperoid  in  concentric  coats.  The  tranfverfe  fradure  of  the 
fibres  1S  compad  and  fine  grained  ;  the  colour  black  ;  and  the 
hardnefs  fomewhat  inferior  to  that  of  the  bafallic  glafs.  When 

twa 
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two  of  the  fpheroids  come  into  contadt  by  mutual  enlargement, 

no  intermixture  of  their  fibres  feem  to  take  place;  they  ap- Contact  with 

pear  equally  impenetrable,  and,  as  neither  can  penetrate,  kDhero:rfs  Pr°- 
.  .  *  ...  r  duces  polyhe- 

Dotn  are  comprefled,  and  their  limits  are  defined  by  a  plane, drons. 

at  which  a  reparation  readily  takes  place,  and  each  of  the 

tides  is  inverted  with  a  rurty  colour.  When  feveral  fpheroids 

come  in  contadt  on  the  fame  level,  they  are  formed  by  mutual 

preOure  into  pretty  regular  prifms,  vvhofe  divifion  is  perfectly 

defined  ;  and  when,  a  fpheroid  is  furrounded  on  all  tides  by 

others,  it  is  comprerted  into  an  irregular  polyhedron. 

4th.  The  tranlition  from  this  fibrous  rtate  to  a  different  ar- Third  arrange- 
rangement,  feems  to  be  very  rapid  ;  for  the  centre  of  moft  of  textm'e3^ 
the  tperoids  becomes  compadt,  before  they  attain  the  diameter  great  tenacity, 
ot  half  an  inch.  As  the  fibrous  rtrudture  propagates  itfelf  by  °P‘xlce>  confidcr- 

....  r  r  i  n  j  a^je  magnetic 

radiating  into  the  unarranged  mafs,  the  compadl  nucleus  which a&ion. 
fupplies  its  place  gradually  extends,  till  it  finally  attains  the 
limits  of  the  Ipheroids;  and  the  fame  arrangement  pervades 
the  matter  comprehended  between  them.  The  mafs  has  now* 
affumed  a  compact  tfony  texture,  and  poffeffes  great  tenacity. 

Its  hardnefs  is  fomewhat  inferior  to  that  of  the  glafs  from  which 
it  was  formed.  Its  adfion  on  the  magnetic  needle  is  verycon- 
fiderable.  Its  fpecific  gravity  is  2.9SS.  Its  colour  is  black, 
inclining  to  rteel  gray:  it  is  abfolutely  opaque,  and  only  re- 
fledts  light  from  a  few  minute  points.  Though  the  divifions 
between  the  fpheroids  are  rendered  imperceptible  to  the  eye, 
they  are  not  obliterated,  and  their  rufty  lurfaces  are  often  dil- 
clofed  by  an  attempt  to  fraclure  the  mafs. 

oth.  A  continuation  of  the  temperature  favourable  to  ar-  Granular  tex- 
rangement,  fpeedily  induces  another  change.  The  texture ture* 
of  the  mafs  becomes  more  granular,  its  colour  rather  more 
gray,  and  the  brilliant  points  larger  and  more  numerous:  nor 
is  it  long  before  thefij  brilliant  molecules  arrange  themfeives 
into  regular  forms;  and,  finally,  the  whole  mafs  becomes  per¬ 
vaded  by  thin  cryrtalline  laminae,  which  interfecf  it  in  every  Crvftalline  lam'* 
diredfion,  and  form  projedling  cryrtals  in  the  cavities.  ThenaB* 
hardnefs  of  the  bafis  feems  to  continue  nearly  the  fame;  but 
the  aggregate  adtion  of  the  bafis,  and  of  the  imbedded  cryk 
tals,  on  the  magnetic  needle,  is  prodigioufly  increafed.  It  Polarity, 
appears  to  portefs  fome  polarity;  and  minute  fragments  are 
fufpended  by  a  magnet.  Its  fpecific  gravity  is  fomewhat  in-  Increafed  den- 
creafed,  as  it  is  now  2.949.  The  cryrtals  contained  in  it,fltX* 

when 
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when  examined  by  a  microfcope,  appear  to  be  fatciculi  of 
flender  prifms,  nearly  rectangular,  terminated  by  planes  per¬ 
pendicular  to  the  axis ;  they  are  extremely  brilliant ;  their 
colour  is  green ifh-blaek ;  they  are  harder  than  glafs,  and 
fufible  at  the  blow-pipe  ;  they  are  fufpended  by  the  action  ot 
a  m3gnet.  They  are  arranged  nearly  fide  by  fide,  but  not 
accumulated  in  thick nefs,  fo  that  they  preient  the  appearance 
of  broad  thin  laminae  ;  they  crols  one  another  at  all  angles, 
but  always  on  nearly  the  lame  plane;  and  the  lamina  thus 
formed  is  often  three  or  four  lines  long,  and  trom  a  line  to  a 
line  and  a  half  broad,  but  extremely  thin.* 

Itfeems  obvious,  that  an  equalized  temperature  would  have 
rendered  the  whole  fimilar  to  the  fubftance  lafr  defcribed;  and 
it  may  be  fairly  inferred,  that  by  a  continuance  of  heat,  the 
minute  cry  dais  would  have  been  augmented  in  their  dimen- 
fions,  bv  t lie  acceffion  of  molecules  frill  engaged  in  the  bafis, 
or  by  the  union  of  feveral  cryfials,  till  they  acquired  fufficient 
magnitude  for  their  nature  to  be  abfolulely  determined  by  the 
ufua!  modes  of  inveftigalion.  It  is  probable,  however,  if  fuch 
precautions  had  been  taken  as  might  have  fecured  this  degree 
of  perfection  in  the  ulterior  refult,  that  the  tnals  would  only 
have  exhibited  an  uniform  afpeCt,  and  that  the  interelting  ini¬ 
tial  phenomena  would  not  have  been  difcovered.f 

There 

+ 

*  It  may  be  obferved,  that  the  cavities  which  exifted  in  the  glafs 
are  not  obliterated  during  the  fubfequent  procelfes,  though  their 
interior  furfaces  undergo  fome  change.  The  minute  globules  firft: 
formed  often  become  prominent,  and  project  into  the  cavities. 
Thele  minute  points  are  foon  obliterated  by  the  large  curves  of  the 
fibrous  1’pheroids,  which  give  a  mamellated  form  to  the  interiors  of 
the  cavities;  and,  when  the  cryftals  are  generated  in  the  mats, 
they  fiioot  into  fome  of  the  cavities,  and  line  them  with  their  bril¬ 
liant  laminae. 

f  In  this  and  the  fucceeding  paragraphs,  the  word  molecule  is 
ufed  in  the  fenfe  afligned  to  it  by  Hauy  and  Dolomieu,  and  is  un- 
deiftood  to  reprefent  the  peculiar  lolids,  of  definite  competition  and 
invariable  form,  the  accumulation  of  which,  forms  the  cryftals  of 
mineral  fubftances.  Such  molecules,  prelerving  their  form  and 
their  eftential  chara&enftics,  may  be  extra&ed  from  moft  cryftals 
by  mechanical  divifion,  and  may  be  f'ubdivided  as  far  as  our  fenfes 
can  recognile  them.  Though  we  cannot  by  mechanical  means  di- 
reftly  divide  them  into  their  elementary  particles,  we  are  enabled 

to 
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There  are  fome  confiderations  which  appear  to  offer  a  par-  Explanation  of 
ti-al  explanation  of’  the  formation  of  the  globules,  and  of  the  Jjj*  f^rI^aJlon  °* 
radiated  fpheroids.  It  is  well  afcertained  that  heat  is  emitted  fpberoids ;  from 
by  all  bodies,  in  their  change  from  a  gafeous  to  a  fluid  hate,  ^he  ^iffion  of 
and  alfo  in  their  change  from  a  fluid  to  a  folid  Hate.  It  is  geiarwn?"8  C°n” 
reafonable  to  fuppofe,  that  heat  may  alfo  be  emitted  in  thofe 
changes  of  arrangement  which  affeft  the  internal  texture  of  a 
body,  after  it  has  attained  an  apparently  folid  hate.  That  a 
fucceffion  of  fuch  changes  does  actually  take  place,  appears 
to  me  demonhrated  by  the  appearances  I  have  defcribed,  and 
by  the  increafe  of  fpecific  gravity,  which  feems  to  keep  pace 
with  the  internal  changes  of  the  fubhance.  It  would  appear, 
that  thefe  changes  are  caufed  by  a  gradual  diminution  of  tem¬ 
perature,  which  permits  certain  laws  to  induce  peculiar  ar¬ 
rangements  among  the  particles  of  the  glafs.  When  feveral  of 
thefe  particles  enter  into  this  new  bond  of  affociation,  they 
muh  form  a  minute  point,  from  which  heat  muh  iffue  in  every 
direction.  That  heat  will  gradually  propagate  itfelf,  till  the 
temperature  of  the  glafs  is  equalized  ;  and  then  the  recur¬ 
rence  of  the  circumftances  which  induced  the  firfl:  particles  to 
arrange,  will  caufe  other  particles  to  arrange  alfo,  which  the 
attra6fion  of  aggregation  will  dilpofe  round  the  point  firfl 
formed.  A  fecond  emiffion  of  heat  in  every  direction  will 
take  place;  the  temperature  will  again  be  equalized;  and 
again  another  concentric  coat  of  arranged  particles  will  apply 
itfelf  to  the  little  globule.  But,  at  the  time  when  the  central 
point  of  this  globule  was  formed,  the  equality  of  temperature, 
in  the  mafs  of  glafs,  would  probably  caufe  a  number  of  fimilar 
points  to  be  generated.  The  formation  of  each  muff  proceed 
in  a  fimilar  manner  to  what  I  have  defcribed,  till  their 
furfaces  touch,  and  all  the  glafs  be  converted  into  the  fame 
fubflance. 

Thefe -globules  are  therefore  formed  of  concentric  coat's.  General  connec- 

but  they  are  alfo  radiated.  Everyone  mud  have  remarked  t!0.n  be^een  tIie 
J  J  radiated  ftruc- 

.  .  ...  ture  and  forma- 

to  effect  this  by  chemical  folution,  the  only  power  to  which  their  t;on  by  concen- 

aggregation  yields.  It  will  be  evident,  from  the  obfervations  that  trie  coats. 

follow,  that  I  am  inclined  to  adopt  the  ingenious  idea  of  Dolomieu, 

that  many  apparently  homogeneous  rocks  are  compounds  of  the 

minute  molecules  of  feveral  fpecies  of  minerals ;  and  that,  where 

a  fuitable  opportunity's  given,  thefe  will  develope  themfelves  by 

the  formation  of  their  peculiar  cryftals, 

the 
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the  connexion  that  almoft  uniformly  exifts  between  the  ra¬ 
diated  ftrudlure  and  the  formation  by  concentric  coats.  There 
are  few  raoiaied  fubflances  which  are  not  divifible  into  con* 
centric  fragments ;  and  a*-  few  concentric  arrangements  which 
are  not  radiated.  Of  the  firft,  it  may  be  fufficient  to  mention 
haematites ;  of  the  fecond,  calcareous  flalaftites.  The  ten¬ 
dency  to  this  union  of  ftrudture,  may  perhaps  be  produced  by 
the  radiation  of  the  emitted  heat,  or  moifture,  if  the  folution 
be  aqueous;  and  the  divilions  of  the  coats  will  naturally 
take  place  at  thofe  paufes  in  the  accumulation  of  par¬ 
ticles,  which  the  momentary  emiffion  of  heat  neceffarily  in¬ 
duced. 

Formation  of  the  If  this  be  allowed  to  explain  the  formation  of  the  firft  feries 

lar^ei  pheroids  0p  g]Ghules  which  confolidate  into  the  jafpideous  fubftance,  it 
will  alfo  explain  the  formation  of  the  larger  and  more  diftin&ly 
radiated  fpheroids,  w'hich  have  been  already  fated  to  be  very 
eafdy  divifible  into  concentric  fragments.  They  probably  were 
alfo  formed  round  a  central  point,  by  the  accumulation  of  thin 
coats  ;  anti  the  tendency  to  radiation,  which  feems  almoft  inse¬ 
parable  from  this  ft;  ufture.  was  perhaps  aided  by  the  arrange¬ 
ment  induced  by  the  emiflion  of  heal  from  every  part  of  the 
furface  of  the  fpheroids.  This  mode  of  formation  has  the  ad- 
vanluge  of  explaining  their  impenetrability.  Had  they  been 
generated  by  radii  diverging  from  a  centre,  their  compa&nefs 
muff  have  dimmifhed  as  their  diameter  increafed;  but,  in  the 
ftruciure  which  I  have  fuppofed,  each  coat  is  compofed  of 
particles  folidlv  arranged  in  immediate  contact  with  each  other, 
leaving  no  fpaces  for  penetration.  The  fame  progrefs  is  rigidly 
obterved  in  the  extenfion  of  thecompaft  nucleus,  which  always 
occupies  the  centre  of  the  radiated  fpheroids,  and  finally  ex¬ 
tends  to  their  peripheries.  It  obferves  the  concentric  divifions 
of  the  radiated  part  with  the  greateft  precifion  ;  and  the  line 
of  their  reparation  is  always  perfectly  defined.  But  the  fate 
aggregation  into  which  the  fubflance  has  now  entered,  is 
fo  perfect  as  to  overcome  the  operation  of  the  caufes  which 
formerly  induced  the  fibrous  ftrudlure,  and  the  raafs  remains 
compact.  1  he  only  change  that  the  fubftance  afterwrards  un¬ 
dergoes,  confifts  in  the  gradual  accumulation  of  the  crvflalline 
molecules,  and  their  arrangement,  by  their  individual  polarity, 
into  regular  funds.  This  depends  on  very  different  laws  from 

thofe 
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thofe  which  confolidated  the  fluid  glafs,  and  aggregated  its 
particles  into  a  compaft  uniform  flone.* 

The  appearances  that  I  have  endeavoured  to  defcribe,  feem  Other  confider- 
deferving  of  confideration  in  feveral  points  of  view.  Few  Remarkable  cir- 
things  can  be  more  at  variance  with  commonly  received  opi-cumftance,  that 
nion,  than  the  diverfified  fucceflion  of  changes  of  ftruflure fJcceed^aft-rflu 
which  this  glafs  exhibits  in  its  paflage  to  a  cryflallized  ftate.idity  may  befup- 
The  generation  of  the  globules  which  unite  to  form  the  jafpi- C°^^ve 
deous  fubftance,  is  what  we  might  be  prepared  to  expedt,  by 
obferving  the  cooling  of  a  common  iron  furnace  flag.  But  it 
appears  not  very  obvious  to  common  apprehenfion,  that  the 
fpecies  of  arrangement  requifite  to  form  this  intermediary 
fubftance,  could  be  compatible  with  any  fluidity  permitting 
farther  motion  of  the  molecules  of  the  mafs ;  yet,  immedi¬ 
ately  after  the  completion  of  this  arrangement,  they  receive 
a  new  ditpofition,  and  the  radiated  fibrous  llruCfure  commences. 

Sometimes  this  pervades  even  the  unaltered  glafs ;  but  I  pre¬ 
fume  this  only  to  happen  where  the  minute  globules  firfl  form¬ 
ed  were  fcattered  fo  far  afunder,  that  their  centres  became 
fibrous,  before  their  peripheries  came  into  contact.  This 
view  of  the  fubjedt  is  juflified  by  the  analogous  operation  of 

*  The  cafe  is  confiderably  different,  where  cryftals  poflefling  re¬ 
gular  forms  are  generated  in  glafs.  The  molecules  of  which  they 
are  formed,  have  doubtlefs  been  only  fufpended  in  the  vitreous  me¬ 
dium  5  and  their  union  is  determined  by  cryftalline  polarity,  which 
appears  to  me  perfe&ly  diftinft  from  the  Ample  aggregation  which 
changes  a  fluid  into  a  folid,  whether  it  be  homogeneous  or  com¬ 
pound,  which  affefts  the  internal  arrangement  of  thofe  bodies,  but 
which  never  can  feparate  their  components  into  diftinft  mafles,  or 
form  them  into  regular  folids.  Every  molecule,  at  the  moment 
of  its  formation,  muft  neceflhnly  be  endowed  with  all  the  proper¬ 
ties  it  afterwards  poflefles.  The  fufpenfion  of  iuch  molecules  in  a 
fluid  medium,  though  it  may  conceal,  cannot  alter  thofe  proper¬ 
ties  j  and  the  union  of  fuch  molecules,  to  form  a  regular  folid, 
in  no  refpeft  alters  their  individual  or  aggregate  qualities.  Whe¬ 
ther  heat  be  evolved  at  the  moment  of  this  union,  is  a  queftion  not 
eaflly  folved ;  as  the  cryftallizations  with  which  we  are  familiar  are 
from  chemical  folutions,  in  which  fome  of  the  molecules  are  ge¬ 
nerated  by  the  reparation  of  a  combined  lubftancc,  at  the  moment 
when  others  are  united  by  cryftalline  polarity. 
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—  Review  of 
the  tads  under 
this  point  of 
view. 


The  ad  of  cryf- 
tallizatTon  is  in¬ 
compatible  with 
folution or  fluid 
combination. 


Sufpenfion  is 
necetrary  ;  but 
this  may  be  call¬ 
ed  mechanical. 


the  formation  of  cryfials,  fimilar  to  thofe  deferibed,  in  the  heart 
of  the  radiated  fperoids,  while  their  exteriors  Hill  retained  the 
fibrous  texture. 

If  it  be  confidered  as  extraordinary,  that  a  change  fhould 
be  effected,  converting  an  apparently  folid  and  homogeneous 
mafs  into  an  accumulation  of  radiated  fpberoids,  and  that  thefe 
radii  fhould  lofe  their  fibrous  HruCture,  and  alTume  the  texture, 
afpeCt,  and  tenacity,  of  a  compact,  hard,  and  homogeneous 
Hone,  it  is  certainly  much  more  extraordinary,  that  this 
Hone  fhould  permit  farther  arrangement  to  proceed,  and 
fhould  enable  the  cryHalline  molecules  which  it  contains  in  a 
Hate  of  confufed  aggregation,  to  arrange  themfelves,  and  to 
form  cryflals  which,  although  minute,  are  equal  in  the  per¬ 
fection  of  their  forms,  and  in  the  brilliancy  of  their  natural 
polifh,  to  the  mofl  precious  products  of  cryfiallization.  It  is 
alfo  well  deferving  of  observation,  by  how  regular  a  march 
the  magnetic  influence  of  the  fubftance  keeps  pace  with  the 
perfection  of  its  arrangement,  till  it  becomes  fo  powerful, 
that  fragments  of  the  regenerated  Hone  are  fu (pended  by  the 
attraction  of  a  magnet. 

It  has  been  moH  juflly  remarked  by  Mr.  Smithfon,  that 
folution,  far  from  being  neceflary  to  cryttallization,  effectually 
prevents  its  commencement  ;  for,  while  folution  fubfiHs,  cryf¬ 
tallization  cannot  take  place.  It  may  remain  a  queflion,  whe¬ 
ther  previ6us  folution  be  effential,  as  a  preparatory  means  of  ob¬ 
taining,  by  fubfequent  evaporation,  or  cooling,  the  fmall  parts 
of  bodies  difengaged,  fo  that  they  may  unite  to  form  regular 
cryHals.  If  by  folution  be  only  meant,  that  fimple  aCtion  of 
heat,  or  water,  which  merely  counteracts  the  force  of  aggrega¬ 
tion,  and  relieves  the  molecules  from  their  bonds  of  union  with 
each  other,  it  certainly  is  a  requifite;  but  if  by  folution  be 
meant,  that  aCtiori  of  affinities  by  which  not  only  the  force  of 
3£gregation  is  overcome,  but  the  combinations  whiclj eonftitute 
the  molecules  are  deHroyed,  it  obvioufly  is  not  only  unnecef- 
fary  but  prejudicial  to  cryHallization ;  as  a  new  fet  of  molecules 
muft  be  formed,  by  a  new  combination  of  the  elementary 
particles,  before  the  formation  of  regular  bodies  can  commence. 
The  lulpenfion  of  the  molecules  ready  to  cryHallize,  may  be 
correCtly  faid  to  be  merely  mechanical.  Though  the  me¬ 
chanical  aCtion  of  trituration  can  never  be  expcCted  to  refolve 
even  the  molt  eafiiy  divifible  body  in  its  molecules,  becaufe 
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the  fraCtures  will  be  at  lead  as  frequently  acrofs  the  natural 

joints  as  in  their  direction,  yet,  even  by  this  rude  method, 

fome  perfedt  molecules  may  be  diifengaged  ;  for  we  find,  that 

water  palling  over  large  lurfaces  of  filiceous  fand,  finds  fome 

molecules  of  lilex  in  the  fiate  proper  lor  aggregation,  and  even 

for  cr)  ftallization.  Mechanical  fufpenfion  in  a  fluid  medium, 

of  fucli  denfity  that  the  cryftalline  polarity  may  be  enabled 

to  counteract  the  power  of  gravity,  is  with  juftice  confidered 

by  Mr.  Smilhfon  the  only  requifitefor  the  formation  of  cryltals.  * 

The  circumftances  I  have  detailed,  appear  to  me  an  additional 

confirmation  of  this  remark,  and  perhaps  go  dill  farther,  by 

fliowing  that  even  the  fluidity  (in  the  common  fenfe  of  the  ^ven  fixity 
,  ..  ,  r  t  i  does  not  teem 

word)  of  the  lulpending  medium  is  notan  lndiipenlable  con-  an  indifpenfablc 

dition.  For  it  appears  impollible  to  annex  the  idea  of  fluidity  condition, 
to  the  union  of  the  minute  globules  which  form  the  jafpideous 
fubdance,  ftill  lefs  to  that  fubdance  when  formed,  and  fiill 
lefs  to  thofe  fpheroids  whole  obdinate  impenetrability  is  fo 
flrongly  defined.  And  if,  by  any  power  of  imagination, 
thefe  can  be  fuppofed  to  be  fluid  at  the  time  they  retain  this 
conformation,  how  can  it  be  fuppofed  that  the  compact  hard 
tenacious  done  into  which  they  are  changed  could  retain 
thefe  characters  in  a  fluid  date?  Yet  the  fubfequent  formation 
of  cry  dais  proves,  that  either  all  thefe  contradictions  mud  be, 
or  that  the  particles  of  bodies  apparently  folid  muft  be  ca¬ 
pable  of  fome  internal  motion,  enabling  them  to  arrange  them- 
lelves  according  to  polarity,  while  they  are  folid  and  fixed, 
as  far  as  they  have  reference  to  the  ordinary  characters  of 
duidity. 

Indances  even  more  remarkable  have  very  long  been  known  Inftancesof  the 

and  authenticated,  though  perhaps  they  have  not  been  generally  anTarrange-10115 

regarded  with  the  attention  then  deferve.  Glafs  velfels  are  ments  of  par- 

well  know  n  to  be  convertible  into  Reaumur’s  porcelam,  by  the  *lcles  °^bouies 

‘  y  at  temperatures 

internal  arrangement  of  their  particles,  without  lofing  their  belowfufion. 

external  form,  and  confequently  at  a  temperature  very  much 

below  that  requidte  for  their  fulion,  I  he  change  of  glafs  into  Reaumur’s  por- 
,  ,  .  -  re  .•  -.celam  fully  de- 

Reaumur  s  porcelain,  does  not  arife  from  an  evaporation  of  fcribed ; 

the  alkali,  as  has  been  alledged,  but  from  a  regular  arrange- 

*  See  a  chemical  Analyfis  of  fome  Calamines,  by  James  Smith- 
fon,  Efq.  Philofophical  TianfaCf ions  for  1803,  page  27.  See  alio 
Tolomieu,  journal  des  Mines ,  No.  22,  page  53. 
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hardening ; 
tempering  j  an¬ 
nealing  : 


Cryftallization 
ot  a  mafs  of  the 
fame  nature 
throughout  j 


of  particles  dif¬ 
fering  from  each 
other. 


Generally,  the 
mod  abundant 
ingredient  will 
tryftallize  fir  it. 
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ment  of  the  molecules  of  the  glafs.  It  commences  by  the 
formation  of  fibres  perpendicular  to  the  furface  of  the  glafs 
and  penetrating  into  it.  At  nearly  the  fame  time,  fmall  ra¬ 
diated  globules  are  formed  in  the  interior  of  the  glafs,  and 
the  union  of  thefe  with  the  fibres,  by  their  mutual  increale, 
forms  the  whole  into  a  new  fubftance  ;  and,  if  the  requilite 
temperature  be  longer  maintained,  the  fibres  difappear,  and 
the  whole  becomes  fine-grained,  and  almoft  compact.  This 
fubftance,  from  the  improved  ftate  of  its  aggregation,  is  much 
ftronger  and  more  tenacious  than  before,  and  is  not  fufible  at 
a  heat  fufficient  to  fufe  the  glafs  it  was  formed  from  ;  but,  if 
that  aggregation  be  once  deftroyed,  the  glafs  refulling  from 
its  fufion  is  equally  fufible  with  the  original  glafs;  and  a  re¬ 
petition  of  the  procefs  will  again  form  Reaumur's  porcelain, 
which  may  be  again  fufed,  and  fo  on  repeatedly,  for  the 
quantity  of  alkali  evaporated  during  the  operation  is  ex¬ 
tremely  fmall.  The  hardnefs  and  briltlenefs  of  metals  rapidly 
cooled,  contrafted  with  the  foftnefs  and  tenacity  refulting 
from  their  gradual  refrigeration,  are  all  analagous  inftances; 
and  all  the  procelfes  in  which  annealing  is  employed,  and 
more  remarkably  the  tempering  of  fteel,  the  proofs  of  the 
internal  motions  and  arrangements  of  the  particles  of  matter, 
at  temperatures  very  much  below  the  heat  is  requifile  for  their 
fluidity. 

Whatever  doubts  may  arife  refpe<5iing  the  formation  of  the 
eryftals,  there  feems  no  reafon  to  fuppofe  that  their  gradual 
increafe  would  ceafe,  till  all  the  molecules  belonging  to  that 
fpecies  were  exhaufted,  if  the  temperature  favourable  to  their 
generation  was  continued.  If  the  mafs  was  entirely  compofed 
of  one  fpecies  of  molecules,  it  would  be  refolved  into  an 
aggregation  of  eryftals  of  the  fame  fubftance ;  and  probably 
by  a  ftill  farlher  continuation  of  the  procefs  of  arrangement, 
into  one  cryftal,  which,  though  it  might  not  poftefs  a  regular 
external  form,  would  be  perfect  in  its  internal  ftrmSture. 

But,  il  the  mafs  contains  two  diftinft  fpecies  of  molecules, 
different  refults  mult  take  place,  which  will  be  modified  by  the 
proportional  quantities  of  the  components.  As  it  has  been 
demonftraled  by  Berthollet,  that  the  attraction  of  malfes  of 
matter  are  relatively  as  their  quantities,  it  follows,  that  unlefs 
a  very  potent  counterafling  caufe  be  exerted,  the  moft  abun¬ 
dant  ingredient  in  the  mixture  will  be  the  firft  to  cryflallize. 
2  But 
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But  this  crydallization  will  not  comprehend  the  whole  of  its 
molecules ;  for,  after  a  certain  quantity  of  them  are  arranged, 
the  proportions  of  the  remaining  fluid  are  altered;  that  ingre¬ 
dient  which  was  before  the  lead,  may  now  be  equal,  or  even 
greated,  and  it  will  exercife  its  attraction.  As  the  fird  cryf- 
tallization,  by  fubtracting  a  large  portion  of  the  duid  particles, 
mud  have  obliged  the  molecules  of  the  lefs  abundant  fubdance 
to  approach  each  other  very  clofely,  the)  may  be  able  to  col¬ 
lect  themfelves  entirely  in  their  fird  attempt  to  cry dallize,  or 
they  may  form  alternate  crydallizations  with  the  remaining 
unarranged  molecules  of  the  more  abundant  fubdance.  How-  Diverfities. 
ever  various  the  fpecies  of  molecules  may  be,  they  will  be 
regulated  by  analogous  aws,  and  only  ferve  to  diverfify  the 
generated  fubdances. 

It  by  no  means  follows,  that  the  crydals  afterwards  found  The  moft  infu- 
to  be  mod  infufible  would  be  fird  generated.  Their  formation  flbleJry‘tals 
does  not  altogether  depend  on  their  greater  or  lefs  fu  Ability,  ceffarily  be 
but  on  the  relative  drength  of  the  attraction  which  unites  them  'ormed  tmr* 
to  the  matter  they  are  immerfed  in,  and  of  the  polarity  which 
invites  them  to  crydallize.  In  all  crydallization  from  com¬ 
pound  fluids,  the  order  in  which  the  feveral  bodies  crydallize 
mud  be  determined  by  their  relative  quantities  and  attractions. 

It  is  perfectly  obvious,  that  no  molecules  can  form  a  crydal 
in  a  heat  fufficient  for  its  fufion  ;  but  it  by  no  means  enfues, 
that  it  wdll  be  formed  as  foon  as  the  molecules  are  cooled  to 
the  point  where  the  crydalline  polarity  overcomes  the  difinte- 
grating  power  of  heat ;  for  they  may  remain  fufpended  in  a 
fluid  formed  by  more  fufible  bodies,  provided  this  fluid  be 
fufficiently  abundant  to  keep  them  from  contaCt  with  each 
other,  for  the  crydalline  polarity  appears  to  exert  itfelf  only 
at  extremely  fmall  didances.  In  a  mafs  compofed  of  fub¬ 
dances  in  a  date  of  fluidity,  with  refraCtory  molecules  fuf¬ 
pended  among  them,  it  is  pretty  clear,  from  the  preceding 
paragraph,  that  the  mod  abundant  ingredient  will  be  the  fird 
to  crydallize.  But  the  removal  of  a  portion  of  the  fufpending 
fluid  mud  bring  the  refraCtory  molecules  nearer  together,  and 
perhaps  fo  near  that  the  crydalline  polarity  may  overcome 
the  attraction  of  the  fluid  for  them  ;  they  will  therefore  crydal¬ 
lize  next,  and  will  be  followed  by  the  remaining  ingredients, 
in  the  order  their  attractions  dictate. 

As 


126 


BLEACHING  COTTON. 


When  refrac-  As  the  cryftals  laft  formed  muft  neceftarily  be  impreffed, 

tory  fubftances  jj)e  .)ar(s  jn  conta<5t,  by  the  peculiar  forms  of  thole  which 

more  fufible  have  been  firft  generated,  it  alio  follows,  if  the  preceding 
matters,  they  reafoning  be  juft,  that  the  infufible  cryftals  may  be  found  im- 
(mpreHion  of  preflTcd  by  the  more  fufible  fubftance,  which  cryftallized  fir  ft ; 
thefe  laft.  and  [)ie  remaining  ingredients  of  the  mixture,  which  were 
fubfequently  arranged,  may  be  moulded  on  the  refractory 
cry  flats  ;  and  thus,  in  the  fame  fpecimen,  may  exift  a  refractory 
fubftance  generated  by  fire,  imprelfed  by  more  fufible  bodies. 
No  cryftal  more  and  imprefting  them  in  its  turn.  From  the  fame  confidcration 
fufible  than  its^  is  0flvi0US>  that  no  cryftal  can  be  formed  at  a  temperature 

cantieVormed  ’above  the  degree  of  its  fufibility  ;  and  that,  as  a  necelfary 
by  igneous  confequence,  no  cryftal  which  is  more  fufible  than  the  bafis  in 
operation.  wiflcfr  fl  is  imbedded,  can  be  formed  by  igneous  operation. 
Aqueous  folu-  The  fame  laws  rnuft  regulate  the  arrangement  of  aqueous 
tion  and  fufpen- |'()jutlon?.>  anfl  0f  molecules  fufpended  in  aqueous  folutions. 

from  thofe  in  All  thefe  are  dependant  on  heat ;  for  we  are  unacquainted 
the  dry  way.  ally  fluidity,  and  consequently  with  any  folution,  which 

^by  the  \ufion  heat  does  not  produce.  Ice  and  foda  have  no  more  action 
of  the  foli  d  wa-  on  each  other  than  (oda  and  quartz:  raife  the  temperature 
ter,  or  ice,  tec.  ^  jce^  ancj  unites  with  the  foda;  raife  the  temperature 

of  the  foda,  and  it  unites  with  the  quartz.  Both  folutions 
are  effected  by  heat,  of  the  degrees  of  which  we  know' 
neither  the  beginning  nor  the  end,  and  are  therefore  utterly 
unable  to  eftimate  what  aliquot  part  of  its  fcale  is  adequate 
to  the  produ6tion  of  thefe  effects.  Probably  a  very  minute 
one. 

( To  be  continued.) 


XIV. 


Account  of  the  Method  of  bleaching  Cotton,  as  praCH  fed  at  Snlz- 
burgh ;  and  the  Art  of  giving  a  permanent  Red  to  Cotton  and 
Linen.  By  M.  C.  Schoerbing.-* 


Salzburg  method 
of  bleaching  cot¬ 
ton  thread,  &c. 


Cotton  thread  is  alw'ays  w'afhed  before  it  goes  to  the 
weaver.  The  method  of  waffling  here  to  be  deferibed  gives 
it  a  much  whiter  colour  than  ordinary  ;  and  it  is  equally  appii- 


*  Journal  of  Van  Mons,  No.  15. 


cable 


BLEACHING  COTTON. 


127 

cable  to  cottons  in  the  piece.  This  method  is  called,  for  what  Salzburgh  mc- 
reafon  I  know  not,  the  Salzburgh  method,  though  it  is  chiefly  tn,)d  of  b:e2ch' 
pra&iled  at  Reginfburgh,  where  four  families  have  long  kept  thread,  See. 
it  a  fecret,  which  has  not  till  the  prefent  occation  been  divulged. 

This  wafhing  renders  the  cotton  more  flexible;  the  goods  made 
from  it  are  of  a  clofer  and  more  even  texture;  the  cotton  does 
not  require  any  fubfequent  bleaching,  and  when  it  comes  af¬ 
terwards  to  be  dyed,  it  takes  a  finer,  more  permanent  and  more 
uniform  colour.  The  operation  is  performed  with  foap,  water 
and  ftrong  leys,  in  the  following  manner: 

The  articles  to  be  vvafhed,  which  ufually  confift  of  thread, 
ftockings,  night  caps,  and  handkerchiefs,  are  evenly  difpofed 
in  a  large  vefiel  or  tub.  The  bottom  of  this  veflel  is  firft  co¬ 
vered  with  a  coarfe  linen  cloth,  upon  which  are  laid  firfi  the 
handkerchiefs,  afterwards  the  ffockings  and  night-caps,  and 
laftly  the  thread.  The  whole  is  then  covered  with  a  fecond 
coarfe  cloth  of  a  clofe  texture,  and  very  clean,  which  defends 
the  mafs  from  the  contafit  of  the  air.  The  veflel  itfelf  refembles 
thofe  ufed  for  lixiviation  in  the  foap  work  of  Konfholm.  A 
boiler  having  its  diameter  at  the  top  l|-  Swedifli  ell  (forty 
inches)  and  at  the  bottom  1|  ell  (34  inches)  and  its  depth  one 
ell  (27  inches)  is  filled  with  water  to  which  a  fufficient  quan¬ 
tity  of  cauftic  leys  of  potath  is  added  to  make  the  fluid  produce 
a  greafy  feel  between  the  fingers,  and  afterwards  2lbs.  of 
Diced  foap  of  Rigenfburg.  This  liquid  is  made  to  boil  and 
poured  upon  the  cotton;  a  fflort  time  after  which  it  is  drawn 
off,  to  be  again  heated,  during  which  interval  a  hot  folution 
of  foap  is  continually  poured  upon  the  cotton.  Thefe  oper¬ 
ations  are  repeated  for  four  or  fix  hours,  or  until  the  cotton  is 
well  foaked,  and  very  hot.  It  is  then  left  to  Deep  for  twenty- 
four  hours  in  foap-water.  This  procefs  is  ufually  performed 
between  midnight  and  fix  in  the  morning;  and  the  next  morn¬ 
ing  the  fluid  is  drawn  off,  the  cotton  well  waffled  and  the 
water  prefled  out  by  a  ferew-prefs.  This  conftitutes  the  firft 
waffling. 

After  the  cotton  has  been  well  cleanfed  in  this  manner,  the 
principal  waffling  is  effe<5led  as  follow's: 

The  waffled  cotton  is  difpofed  in  the  veffel  as  before,  with 
this  difference  only,  that  the  mafs  is  enveloped  in  cotton  cloth 
infiead  of  linen,  which  islefs  capable  of  refilling  the  action  of 
the  cauftic  leys.  A  clear  and  colourlefs  ley  is  prepared  with 

two 


\ 


128 


BLRACHINC  COTTON. 


Salzburg 
method  of 
bleaching  cot¬ 
ton  thread,  &c. 


two  thirds  wood  affie<  and  one  third  lime,  and  concentrated 
until  on  egg  delcends  fiowly  in  it  (fpecific  gravity  about  1 .08  1 ). 
This  ley  in  a  boiling  Plate  is  poured  upon  the  cotton;  alter 
which  it  is  drawn  off,  again  heated,  and  again  poured  on; 
and  this  repetition  is  continued  from  midnight  to  noon,  or  for 
twelve  hours.  The  whole  of  the  Icy  is  then  drawn  off,  and 
the  cottont  aken  out  of  the  veffel  while  hot,  with  the  hands 
defended  by  gloves,  and  after  fpreading  it  upon  a  table,  it  is 
again  put  into  the  veffel,  but  in  a  reverfed  order.  The  fame 
waffling  is  repeated  with  other  levs  and  continued  for  twenty- 
four  hours. 

Laffly,  the  boiler  is  tilled  with  water,  to  which  2lbs.  of  foap 
are  added,  and  the  liquid  brought  to  the  boiling  heat.  The 
cotton  is  waffled  with  this  water,  conffantly  kept  boiling  for 
twenty  hours,  and  is  afterwards  left  to  deep  for  ten  or  eleven 
hours.  The  fluid  is  then  drawn  off,  the  cotton  taken  out  of 
the  veffel,  and  fpread  on  a  long  wooden  table,  where  it  is 
waffled  and  beetled,  and  afterwards  waffled  in  a  running 
water.  Laftly,  the  water  is  preffed  out  by  means  of  a  prefs, 
and  the  cotton  dried  upon  fftaves  in  the  fun,  or  in  damp  weather 
in  a  room  appropriated  to  that  purpofe. 

The  remaining  leys  after  thefe  vvaffiings  cannot  be  ufed  a 
fecond  time,  but  have  a  blood-red  colour  ;  they  are  mixed  to¬ 
gether,  and  are  ufed  in  the  common  operations  of  the  laundry. 
The  foap  waters  are  thrown  away. 

The  ffaves  on  which  the  cotton  is  fufpended  muff  be  waffled 
every  time.  It  is  preferable,  when  the  weather  permits,  te 
fufpend  each  piece  by  threads  and  ffretched  cords  in  the  open 
air.  The  pieces  ought  not  to  be  brought  too  near  together,  for 
fear  left  the  places  to  which  the  air  has  not  free  aecefs  ffiouid 
be  fpotted  with  brown  fpots. 

Piece  goods  and  raw’  linen  thread  will  receive  a  partial 
bleaching  by  this  method.  It  is  neceffary  however  to  make  ' 
the  leys  of  only  half  the  ftrength,  and  the  lixiviation  muff  be 
continued  only  half  the  time,  for  fear  of  weakening  the  tex¬ 
ture. 

Linen  and  cotton  as  vegetable  fubffances  have  the  defeat  of 
not  taking  fixed  colours.  The  caufe  refides  in  their  refinous 
principle,  of  which  they  muff  be  deprived.  Alcohol  would 
be  a  fure  and  eafy  folvent  for  this  principle,  but  it  istooex- 
penfive.  Alter  alcohol,  the  beft  folvcnts  of  this  principle  are 
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oils  of  every  defcription,  but  particularly  fifh  oil.  The  cot¬ 
ton  is  foaked  in  this  oil  for  2  t  hours,  after  having  again  boiled 
it  for  two  hours ;  it  is  then  run  and  fufpended  in  the  air  for 
fome  days,  in  order  that  the  oil  may  be  well  feparated,  and  it 
is  entirely  deprived  of  the  oil  by  a  flrong  hot  lev  with  fubfe- 
quent  walking  and  drying.  For  this  effe<5l  a  ley  of  two  thirds 
allies  and  one  third  lime  may  be  ufed,  with  the  fame  quantity 
of  llieeps  dung  as  of  both  the  before-mentioned  ingredients. 

The  cotton  is  not  only  boiled  in  this  mixture,  but  it  is  alfo 
applied  feveral  fucceffive  times;  the  goods  being  waflied  in 
clear  water  between  each  lixiviation.  The  cotton  thread  may 
alfo  be  w'afhedin  water  containing  a  fuflicient  quantity  of  pot- 
alh  to  render  it  greafy  to  the  feel.  The  thread  is  to  be  boiled 
for  twelve  hours  in  this  ley,  or  till  the  fluid  becomes  black. 

Laftly,  the  thread  is  waflied  and  fleeped  in  water  acidulated 
with  weakly  fulphuric  acid,  it  is  to  be  taken  out  of  this  fluid 
after  remaining  in  it  at  leaf!  an  hour,  and  then  waflied  and 
dried. 

If  this  method  of  bleaching  were  once  generally  known, 
it  w'ould  not  be  neceflary  to  purchafe  the  article  of  the  bleacher, 
or  to  fend  cotton  to  them  to  be  bleached.  In  order  to  afcer- 
tain  whether  cotton  bleached  in  any  manner  whatever  is  per¬ 
fectly  deprived  of  its  refin,  and  proper  to  receive  the  dye,  the 
glafs  is  to  be  filled  with  water,  and  a  thread  of  the  cotton 
placed  on  the  edge  of  the  glafs,  fo  that  half  its  length  fliall  be 
within  and  half  without.  If’  the  former  end  finks  in  the  water 
and  the  whole  thread  acts  as  a  fyphon,  by  caufing  it  to  run 
over,  it  will  be  a  proof  that  the  cotton  will  have  the  requifite 
purity. 

The  cotton  thus  purified  mufl  pafs  through  three  mordants:  Red  dye  for 
1.  A  deco&ion  of  nut-galls.  2.  A  folution  of  tin;  and  3.  C0tt0IW* 
alum  water. 

For  the  decoction  of  nut-gall.  For  lib.  of  cotton  or  linen 
thread.  For  the  former  half  a  pound  of  the  dark  coloured 
nut-gall,  or  for  the  latter  lib.  is  taken.  The  nut-gall  is  grofsly 
pounded  and  boiled  with  a  handful  of  birch  leaves  in  a  copper 
boiler,  with  two  and  half  pots  of  rain  water  till  reduced  to 
one  half.  The  liquid  being  left  to  fettle  and  poured  while  yet 
hot  through  a  cloth  on  the  cotton,  this  is  fuffered  to  fleep  for 
24  hours,  frequently  working  or  prefling,  in  order  that  it  may 
be  univerfally  penetrated  with  the  galling  principle.  It  is  then 
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taken  ont,  rung,  and  dried  by  fufpending  it  in  the  open  air, 
or  in  a  heated  chamber.  It  is  needful  only  to  take  care  that 
no  water  {hall  drop  upon  the  cotton,  as  that  would  produce 
fpots  in  the  dye.  In  this  operation  the  thread  mufl  be  clofely 
packed  together,  in  order  that  the  nut-gall  may  uniformly  pe¬ 
netrate  its  mafs.  It  is  then  conveyed  into  a  folution  of  tin, 
made  as  hereafter  deferibed,  and  the  deco&ion  of  nut-gall 
mu  ft  be  kept  to  be  ufed  in  the  aluraing.  The  folution  of  tin 
is  prepared  in  the  following  manner:  Sal  ammoniac  or  fea  fait 
in  fine  powder  is  to  be  ditTolved  to  faturation  in  lib.  of  aqua¬ 
fortis;  2oz.  of  fine  Englifh  tin  rafped,  are  added  to  this,  or 
as  much  of  the  metal  as  the  acid  can  dilTolve  to  faturation.  Iw 
another  veflel,  2  oz.  of  fea-falt  are  to  be  dilfolved  in  one  pint 

of  rain  water,  and  the  folution  of  (in  is  to  be  poured  drop  by 

•  _ 

drop  with  continual  agitation  into  this  fait  water.  The  galled 
thread  is  afterwards  put  into  a  ftone  ware  veil'd,  clofely  prefled 
together,  and  the  Taft  mentioned  mixture  poured  thereon. 
The  thread  mufl  be  occalionally  comprefled  with  the  hand,  in 
order  to  afTift  the  penetration,  and  it  mull  then  be  covered  from 
the  air  and  left  to  fleep  for  twenty-four  hours,  at  the  end  of 
which  time  it  is  taken  out,  rung  and  dried  in  (he  air  or  in  a 
Seated  room,  where  it  may  remain  for  48  hours.  After  this 
it  is  w  allied  in  pure  water  again,  dried,  and  emerfed  in  tl*e 
alum-water,  of  which  we  lliall  proceed  to  deferibe  the  com¬ 
petition. 

The  remaining  folution  of  tin  is  referved  for  a  fubfequent 
operation,  for  which,  in  that  cafe,  no  more  than  three  quarters 
of  a  pound  of  aqua-fortis  and  the  other  ingredients  in  propor¬ 
tion,  need  be  taken  for  lib.  of  thread. 

The  alum  water  is  made  as  follows:  Whatever  may  be  the 
kind  of  alum,  it  mull  be  previoufly  calcined.  One  pound  of 
the  crude  alum  is  required  tor  lib.  of  thread.  When  it  is  cal¬ 
cined  it  Is  pulverized  and  difTolved  in  one  pint  or  Englifh  quart 
of  water,  and  rather  more  than  an  equal  meafure  of  the  re¬ 
maining  decodion  of  nut-gall  is  added.  Thefe  being  well 
mixed  and  heated,  are  to  be  poured  on  the  thread,  which  has 
been  treated  as  before  with  the  folution  of  tin.  It  is  left  for 
fourteen  hours  in  this  bath  and  afterwards  preffed  and  dyed. 

I  he  dying  lib.  ot  good  bruifed  or  ground  madder  previ- 
oufiy  foaked  for  fome  hours  in  water,  is  put  into  a  boiler  of 
fufiicient  fiae,  which  is  to  be  filled  with  water  and  placed  on 
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a  moderate  fire.  As  foon  as  the  contents  begin  to  heat,  the  Reddyc  for 
thread  is  put  in  and  continually  turned*  It  is  requifite  that  the  CuUon*’ 
thread  thou  Id  have  been  previously  Steeped  in  water,  and  af¬ 
terwards  wrung,  in  order  that  it  maybe  very  equally  penetrated 
with  the  colour.  The  thread  is  left  in  the  bath  till  the  liquor 
boils,  after  which  it  is  taken  out)  well  wafhed,  the  threads  are 
arranged  on  the  hand,  and  the  water  pretfed  out.  This  firfl 
dyeing  gives  the  thread  a  pale  red  colour.  The  boiler  is  then 
emptied  and  again  filled  with  water,  into  which  another  pound 
of  madder  previoufly  foaked  in  water  is  put,  and  this  bath  is 
heated.  As  foon  as  it  has  become  hot,  the  thread  is  put  in  and 
boiled  for  one  quarter  of  an  hour.  Care  mu/1  be  taken  that 
the  heat  be  not  too  flrong.  The  fir/1  bath  fhould  fcarccly  boil, 
for  fear  the  articles  fhould  take  a  brown  colour;  but  this  incon¬ 
venience  is  not  to  be  feared  in  the  fecond  bath,  when  the  thread 
is  already  penetrated  with  a  red  colour.  After  the  thread  is 
well  waflied  for  the  fecond  time,  it  ought  to  have  a  deep 
brown  colour,;  if  it  has  not  it  mu/1  be  again  boiled  with  a 
quarter  of  a  pound  of  madder.  After  the  lad  dye,  the  thread 
is  to  be  waflied  by  hand  in  hot  foap  water,  after  having  waflied 
it  in  cold  water,  and  it  is  then  to  be  dried. 


XV. 


Report  on  an  artificial  Production  of  Ca?nphor,  announced  by 
M.  Kin  d.  Read  to  the  Society  of  Pharmacy  by  Bou  llay,* 


JDEING  charged,  in  conjundlion  with  M.  M.  Cluzel  and 
Chomet ,  to  give  an  account  to  the  Society  of  an  intere/ling 
phenomenon  announced  by  M.  Kind,  in  Trommfdorjf’s  Journal 
de  Pharma cie,  extracted  and  reported  In  the  14th  number  of 
the  Journal  de  Phyfiquc  et  dc  Chimie ,  publifhed  by  Van  Mo  ns,  1 
now  inform  them  of  the  refult  of  our  labours. 

“  For  the  purpofe  of  procuring  the  arthritic  liquor  of  Pott,M>  Kind’s 
which  is  preferibed  here  with  advantage,  for  refolving  the  no-^TpnS^ticm 
dofitiesand  other  obflinate  tumours  which  form  upon  the  joints,  of  camphor  by 


I  intended, ”  fays  M.  Kind,  “  to  incorporate  the  muriatic  gas 


common  oil  of 
turpentine  to 
abforb  muriatic 
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will)  oil  of  turpentine,  at  the  inftant  of  the  difengagement  of 
the  gas.  This  operation  fliewed  me  a  phenomenon  which,  I 
am  of  opinion,  is  deferring  of  being  known. 

“  I  pul  dec  repitated  muriate  of  foda  into  a  tubulated  retort ; 

I  adapted  two  ot  Wo u IPs  bottles  to  the  retort,  into  which  I 
had  put  a  quantity  of  oil  of  turpentine,  equal  in  weight  to  the 
fait.  On  this  I  poured  half  the  proportion  of  concentrated 
fulphuric  acid,  and  I  difengaged  the  muriatic  gas  by  a  gradu¬ 
ated  lire.  At  lii  ft  the  oil  acquired  a  yellow  colour,  afterwards 
a  pale  brown  colour,  which,  towards  the  end  turned  to  a  deep 
brown.  After  cooling,  the  liquor  was  almoft  wholly  coagu¬ 
lated  into  a  cryftalline  mafs,  which,  in  every  refpeft,  com- 

% 

ported  itfelf  like  camphor. 

“  I  do  not  think,”  fays  M.  Kind,  i(  that  a  fimilar  production 
of  camphor  has  ever  been  noticed  before;  but  Meyer  fpeaks 
of  a  concretion  of  a  camphoric  nature,  formed  in  oil  of  tur¬ 
pentine  digefted  with  dry  cauftic  fait.”  He  afterw’ards  in- 
ftances  a  formation  of  camphor  obferved  bv  the  late  M. 
TrommfdorfT,  on  diftilling  eflential  oils  on  lime.  “  It  is  pro¬ 
bable,”  fays  M.  Kind,  <r  that  the  great  tendency  of  muriatiq 
gas  to  combine  with  water,  determined  the  union  of  the  prin¬ 
ciples  of  this  liquid  contained  in  the  oil,  fo  that  the  carbon  be¬ 
came  predominant,  and  made  the  oil  brown  ;  and,  that  the  ef¬ 
fect  of  this  acid  gas  on  it,  correfpondcd  with  that  obferved  by 
Achard,  in  the  a&ion  of  concentrated  fulphuric  acid  on  fat 
oils,  fie  did  not  remark  that  the  heat  was  as  confiderable  du¬ 
ring  the  aftion  of  the  gas  as  Woulf  Hated  it  to  be.” 

In  an  additional  note,  M.  TrommfdorfT  announces  that  lie 
had  repeated  M.  Kind’s  experiment,  and  that  be  had  obtained 
analogous  refults. 

He  dried  the  concrete  matter  between  flieefs  of  paper;  it 
became  very  white,  femi-tranfparent,  and  poftefted  the  fol¬ 
lowing  properties: 

“  Its  odour  was  ftrong,  very  analogous  to  that  of  camphor, 
b  it  injured  by  that  of  the  turpentine. 

"  Placed  in  a  ftlver  fpoon,  and  heated  over  red  hot  coals,  it 
volatilized  without  leaving  any  refidue,  and  yielding  a  ftrong 
Imell  of  camphor. 

**  Its  vapour  inflamed. 

“  Expo  fed  to  a  gentle  heat,  in  a  fmall  phial,  it  was  entirely 
fiblirfted.  It  diflblydd  with  facility  in  oil  of  almonds. 


It 


artificial  camphor. 


1S5 


/ 


'*  It  was  entirely  diffolved  by  alcohol,  but  not  fo  flowly  as 
common  camphor,  and  was  precipitated  unaltered  by  water. 

4t  Concentrated  nitric  acid  affedted  its  (olution,  at  firft  tran¬ 
quilly,  but  afterwards  with  a  difengagement  of  nitrous  gas  and 
heat.  The  mixture  became  turbid  by  the  addition  of  water, 
but  did  not  depofit  camphor.” 

He  concludes  from  thefe  experiments  that  this  produdt  com¬ 
ported  itfclf  exactly  like  camphor,  except  with  the  nitric  acid; 
but  he  believes  that  this  difference  may  depend  on  a  fmall 
quantity  of  muriatic  acid,  or  a  little  oil  of  turpentine,  from 
v\  hich  it  is  very  difficult  to  free  it  entirely. 

M.  Trommfdorff  afterwards  difengaged  the  gas  from  a 
quantity  of  muriate  of  loda  equal  to  that  employed  in  the  firfi: 
experiment,  through  the  matter  remaining  in  the  bottle;  but 
he  found  that  inflead  of  augmenting,  the  camphorized  part 
diminifhed  in  quantity,  loft  its  camphoric  odour,  and  the  alter¬ 
ation  of  its  other  properties  induced  thischemift  to  believe  that 
the  new  addition  of  gas  had  cauled  it  to  undergo  a  decompo¬ 
sition. 

The  above  experiments,  repeated With  the  greateft  at  ten- Repetition  <jf 

lion,  gave  us  fatisfadtory  refults,  even  with  the  different  fpe-  tne^  e*Peri” 
h  J  *  r  mcnts  by  the 

cies  of  oil  of  turpentine  of  commerce.  reports. 

'Hie  importance  of  the  fubjedt,  and  the  objections  made  by 
fome  members,  at  the  reading  of  the  obfervation  which  lead 
to  this  report,  made  us  fenfible  how  much  the  labours  of  M, 

Kind  felt  to  be  vvifhed  for;  the  quantities  of  the  product  alfo 
not  being  indicated,  we  thought  we  fhouid  accomplifli  the  in¬ 
tention  of  the  Society,  in  following  the  track  maiked  out  by 
the  author,  if  we  endeavoured  to  add  fome  facts  to  thofe  he 
has  publifhed,  and  we  propofed  the  following  queftions  for  our 
guidance. 

lit.  Does  (he  gazeous  muriatic  acid  ferve  to  determine  the  Queftions  foi 
re-action  of  the  principles  of  the  oil  of  turpentine,  and  to  change  m  ^  uVt 
their  proportion,  to  form  the  camphor;  or,  is  its  adtion  limited 
to  infu'lating  this  immediate  principle,  from  the  oil  with  which 
it  was  not  combined  ? 

2nd.  What  is  the  quantity  of  the  camphoric  produdt  ? 

3rd.  Will  a  greater  quantity  of  the  gas  than  that  indicated 
by  M.  Kind  add  to  the  product,  or  will  it  deftroy  it? 

4th.  Will  another  quantity  of  gas  added  to  the  liquor  which 
has  yielded  the  camphor,  and  from  which  it  has  been  fepa rated, 
determine  a  new  formation  of  this  principle  in  it  ? 


5  th.  What 
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6th.  What  are  the  heft  means  of  purifying  this  camphor, 
and  of  freeing  it  frorg  the  odour  which  it  retains  ? 

6th.  What  are  the  relations  and  differences  between  the 
purified  camphor  of  turpentine,  and  that  of  the  camphor- 
laurel  ? 

7th.  Would  liquid  muriatic  acid  produce  the  fame  effe£l  ? 

8th.  Would  the  other  acids  a£t  in  the  fame  manner  on  this 
oily  fubffance  ? 

The  complete  folution  of  thefe  different  queftions  would 
doubllefs  have  required  a  great  number  of  experiments,  to 
which  we  were  unable  to  attend:  we  (ball  only  relate  ihofe 
w  hich  we  made. 

With  a  view  to  obtain  a  more  confiderable  produff,  which 
would  yield  us  the  concrete  matter  in  a  quantity  lufficient  to 
be  afcertained  and  fubjefted  to  different  experiments,  we  pre¬ 
pared  an  apparalus  fimilar  to  that  ufed  by  the  author  of  the  dif- 
covery,  but  of  larger  dimenfions.  Itconfiftedof  a  tubulated 
retort,  and  two  Woulf’s  bottles,  provided  with  their  tubes  of 
communication  and  fafety.  Four  pounds  of  marine  fait,  and 
two  pounds  of  concentrated  fulphuric  acid  were  introduced 
into  the  retort;  four  pounds  of  very  white  oil  of  turpentine 
were  poured  into  the  fir  ft  bottle,  and  two  pounds  of  diftilled 
water  into  the  fecond.  Fire  was  placed  under  the  mixture, 
and  augmented  gradually  till  the  entire  difengagement  of  the 
muriatic  acid  gas,  which  was  totally  ablorbed  by  the  oil.  The 
latter  exhibited  the  following  phenomena:  it  became  at  firft 
of  a  citron  colour,  and  afterwards  brownifh,  which  grew  gra¬ 
dually  darker  towards  the  end  of  the  operation  ;  it  retained  its 
tranfparency ;  it  grew  very  hot;  its  volume  augmented  about 
a  tenth;  the  ftdes  of  the  bottle  were  covered  with  (mall  lim¬ 
pid  drops  which  united  ftow  ly  at  its  bottom,  in  the  form  of  a 
thick  oil. 

Left  to  itfelf  for  twenty-four  hours,  it  formed  a  mafs  of  ir¬ 
regular  cryftals,  from  which  ran  a  brown  liquid.  When  dried 
and  ftrongly  prefled  between  (beets  of  paper,  this  cryftalline 
matter  was  very  white,  and  of  a  peculiar  odour,  participating 
of  the  oil  and  the  acid  made  ufe  of;  it  weighed  twenty-four 
ounces. 

The  liquor  which  had  been  fcparaled  from  thefe  cryftals, 
expofed  in  a  cellar  for  feveral  days,  yielded  others,  which  dried 
like  the  firft,  were  of  equal  whitenefs,  and  weighed  four  ounces. 

To 


ARTIFICIAL  CAMPHOR. 


135 


To  afcertain  whether  there  did  not  yet  exift  a  further  quan¬ 
tity  of  this  concrete  matter  ready  formed,  in  this  fort  of  mother- 
water  of  camphor,  it  was  expofed  to  an  artificial  cold  of  eight 
or  ten  degrees  below  0,  during  feveral  hours.  By  this  means  Seven  and  half 
it  yielded  other  crydals,  which,  collected  like  the  preceding,  fro'T^onVpmincl 
offered  the  fame  chara&ers,  and  weighed  two  ounces;  this  of  oil  of  turpen- 
brings  the  quantify  of  camphor  to  feven  ounces  and  a  half  for tme* 
each  pound  of  oil  of  turpentine. 

This  liquor,  not  appearing  capable  of  yielding  more  cry-  More  gas  did  not 
dais,  was  divided  into  two  portions,  one  of  which  was  re-  fn^hc^refiduaJ18 
ferved  for  examination  in  this  date,  the  other  was  fubjedted  to  liquor, 
the  a<51ion  of  a  new  quantity  of  acid  gas;  it  ditfolved  a  part  of 
it,  and  became  almod  black,  without  lofmg  its  tranfparence, 
even  after  remaining  for  feveral  days  in  the  cellar. 

Another  dole  of  oil  of  turpentine  was  charged  with  a  pro-  Double  quantity 
portion  of  gas,  double  that  mentioned  above.  The  precipi-  ot  gas' 
tation  of  camphor  took  place  in  nearly  a  (imilar  quantity ;  the 
liquor  was  very  little  more  coloured,  but  a  much  greater  quan¬ 
tity  of  fat  oil  was  formed. 

An  ounce  of  this  matter  waftied  in  diddled  water,  and  put  A&ionofdlf- 

in  a  filter  to  drain,  became  of  the  mod  beautiful  white;  it  no1!11.^  water  on 

this  camphor; 

longer  gave  iigns  of  acidity,  but  had  dill  an  odour  ot  turpen¬ 
tine.  The  water  in  which  it  had  been  waftied  was  very  aro¬ 
matic;  it  reddened  the  tin&ure  of  turnfole,  and  precipitated  by 
nitrate  of  diver. 

An  equal  quantity  of  the  fame  fubdance  wra$  wadied  with  an^  °f  water 
water  impregnated  with  a  fiftieth  part  of  unfaturated  carbo- carbonate  ^ 
nate  of  potafh  :  it  lod  much  of  its  drd  odour.  potafh. 

New  portions  of  this  rough  camphor  were  mixed  in  equal  Attion  o^char- 
parts,  one  with  charcoal  in  powder,  another  with  very  dry  qUick.i;me*  ^ 
afhes,  a  third  with  quick-lime,  a  fourth  with  alumine  (porce- alumine. 
lain  earth),  and  were  introduced  feparately  into  fmall  glafs 
alembics,  the  capitals  of  which  were,  by  a  gentle  heat,  ra¬ 
pidly  covered  with  clidi n6t  groupes,  compofed  of  a  multitude 
of  fmall  needle-formed  crydals,  diverging  from  the  fame 
center. 

Purified  in  this  manner,  it  entirely  lod  the  odour  of  oil  of  Other  properties, 
turpentine;  that  which  it  retained  was  more  analogous  to  com¬ 
mon  camphor,  but  not  fo  drong.  In  this  date  it  fwims  on 
water,  to  which  it  communicates  its  fade;  it  burns  on  its  fur- 
face,  without  experiencing  the  revolving  motion  obferved  by 

Profeffor 
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PiofcfTor  Venturi.  The  only  motion  we  obferved  was  the  re 
fult  of  the  molecular  attraction,  which  determined  a  great 
number  of  the  fragments  difperfed  over  the  furface  ot  the 
water  to  collect  in  one  point. 

It  is  wholly  and  readily  diltblved  in  alcohol,  from  which 
water  feparatesit  unaltered. 

Action  of  dilute  Nitric  acid,  at  thirty  degrees  of  Beaunie' s  areometer,  poured 
nitric  acid.  on  thjs  nevv  camphor,  had  no  action  on  it,  even  after  teveral 
days  of  contact;  although  the  fame  acid  diffolves  the  common 
camphor  with  the  greateft  facility,  becoming  covered  with  an 
oily  Aratum,  and  water  precipitates  pure  camphor  from  it. 

Of  concentrated  Very  concentrated  nitric  acid  had  not,  at  firA,  any  action  on 
nitric  acid.  our  camphor;  but  after  a  few  feconds  the  folution  is  effected, 
and  at  the  lame  time  a  difengagement  of  nitrous  gas  is  mani- 
fefted:  water  rendered  this  folution  very  nightly  turbid.  The 
fame  acid,  on  the  contrary,  dilTolved  the  camphor  of  the  Ill  ops 
rapidly,  ditfufing  white  vapours.  This  folution  took  a  beau¬ 
tiful  tire-red  colour,  and  water  feparated  pure  camphor  from  it 
in  docks. 

It  is  not  dif-  Neither  did  acetic  acid,  which  perfeftly  dilTolves  the  com- 
folvcd  by  acetic  mon  camphor,  effe<5t  the  folution  of  this.  By  heat,  it  foftened 
and  feemed  to  diffolve;  but  on  cooling,  it  was  wholly  collected 
on  the  furface  of  the  liquid,  with  all  its  properties. 

We  afterwards  examined  the  liquor  called  the  mother-water 
of  camphor. 

This  brown  tranfparent  liquor,  lighter  than  water,  heavier 
than  alcohol,  fuming  by  contact  of  the  air,  of  a  peculiar  odour, 
fwam  above  a  thick  reddilh  oil,  the  fmall  quantity  of  which 
obliged  us  to  negle<5t  the  examination  of  it.*  The  tafleof  this 
mother-water  was  ibarp;  it  did  not  mix  with  water,  nor  yield 
its  acid  to  it.  Agitated  in  this  liquid,  its  particles  remained 
difperfed  fora  long  time,  before  they  collected  on  its  furface. 

Alcohol  and  ether  diffolved  it  completely;  but  the  addition 
of  water  feparated  them. 

Inflamed  in  a  capfule,  it  burns  without  a  refidue,  diffufing  a 
eonfiderable  quantity  of  very  odorours  fmoke. 

Concentrated  fulphuric  acid  poured  into  this  liquor,  black¬ 
ened  it,  and  difengaged  from  it  fome  vapours,  and  a  very 
Arong  odour  of  gazeous  muriatic  acid. 

*  We  only  afeertained  its  folubility  in  alcohol  and  fulphuric  ether, 
and  its  infolubility  in  water. 

A  folution 
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A  folution  of  cryftallized  carbonate  of  foda  produced  a  flight  an^  of  carbonate 
effervefcence  in  it,  difcoloured  it,  rendered  it  lighter,  and  ot 
formed  muriate  of  foda. 

This  muriated  oil,  difti!Ied  to  drvnefs  in  a  fuitable  appara-  Products  by  it* 
tus,  yielded  tome  muriatic  gas,  fome  drops  of  thick  oil,  fimilar  m* 

to  that  mentioned  above,  a  very  light  and  very  combuftible 
perfumed  liquid,  which  comported  itfelf  with  water,  alcohol, 

(ulphuric  acid,  and  foda,  in  the  fame  manner  as  before  diftil- 
Iation  ;  there  was  only  lefs  muriatic  acid  in  it.  The  refidue 
was  a  black  matter,  glutinous  like  pitch,  diifolving  imperfe£tly 
in  alcohol,  and  yielding  muriatic  acid  to  water. 

We  afterwards  made  a  mixture  of  equal  parts  of  oil  of  tur-  Mutual  aftionof 
pentine  and  muriatic  acid  at  25°.  We  agitated  it.  from  time  tooli,of  tufPentinc 

*  and  muriatic 

time,  and  then  left  it  for  feveral  days.  The  oil  took  a  reddith  acjd  produces  a 

brown  colour,  the  acid  alfo  became  reddith  :  both  of  them  ^ljl1  quantity 

prelerved  their  tranlparence,  and  at  the  point  of  contact  of  b0jyCunCr"e 

thefe  two  liquids,  was  perceived  a  concrete  flratum,  having 

feveral  of  the  properties  of  camphor,  but  its  quantity  was  fo 

final!  that  we  were  obliged  to  neglect  it. 

A  fa6t  of  this  kind  is  to  be  met  with  in  the  tranflation  Previous  dif- 
of  the  Chemical  Recreations  of  Model ,  publifned  in  1 7 7 T,  by  ^ery  tllJS 
M.  Purmentier. 

This  philofopher  expreffes  himfelf  as  follows,  in  page  400 
of  the  fir  ft  volume  of  this  tranflation,  in  the  additions  which  fie 
has  made  to  it : 

“  A  very  curious  and  very  interefting  obfervation  to  natural 
philofophy  and  chemiftry,  is,  that  M.  Marges,  furgeon,  in  a 
work,  the  object  of  which  is  the  examination  and  chemical 
analyfis  of  different  medicaments  *,  fays,  that  he  obtained, 
from  the  digeftion  of  a  mixture  of  fuming  marine  acid  and  oil 
of  turpentine,  fmall  faline  concretions,  which  at  the  end  of  a 
certain  time,  became  more  confiderable,  and  took  the  figure 
of  a  cryftalline  fait,  in  form  of  a  parallelopipedon,  while  the 
oil  which  fwam  above  them  was  coloured  red,  and  acquired 
a  very  thick  confidence,  &c. 

It  is  very  probable  that  thefe  cryftals  were  the  fame  as  thefe 
which  were  obtained  in  fuch  great  abundance  from  the  action 
of  the  fame  gazeous  acid. 

The  fame  oil  was  faturated  with  oxigenated  muriatic  acid  Oxlgenated  mu¬ 
riatic  acid  gas 

•  Paris,  1774.  Second  edition,  pcnt?nc.°f  ^ 

gas; 
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gas;  it  acquired  a  deep  yellow,  retained  its  tranfparence, 
became  a  little  more  confident,  bat  did  not  produce  any 
camphor. 

Concentrated  fulphuric  acid  acting  too  violently  on  oil  of 
turpentine,  the  decompofition  of  which  it  fpeedily  effects,  we 
made  a  mixture  of  equal  weights  of  this  oil  and  fulphuric 
acid  marking  only  40°  of  the  areometer.  The  attion  was 
confined  to  the  point  of  contact,  and  was  analogous  to  that  of 
liquid  muriatic  acid. 

Eight  ounces  of  oil  of  turpentine  wTere  kept  for  three  days 
in  a  glafs  alembic,  placed  on  a  fand-bath,  the  temporal ure  of 
which  was  maintained  at  about  forty  degrees  of  Reaumur's 
feale.  This  time  being  elapfed,  we  found  in  the  recipient 
nearly  four  ounces  of  a  very  white  and  very  light  volatile  oil, 
and  in  the  capital  many  fmall  cryflallizations  of  true  camphor. 
The  oil  remaining  in  the  cucurbit  was  of  an  amber  colour,  and 
very  much  thickened. 

To  fatisfy  ourfelves  whether  the  other  volatile  oils  would 
furnifh  camphor  by  the  a£tion  of  the  muriatic  gas,  we  incor¬ 
porated  them  with  it  in  different  proportions;  but  did  not  ob¬ 
tain  any  precipitation.  They  became  very  black,  and  con¬ 
tained  a  great  quantity  of  heavy  oil,  &c. 


CONCLUSION. 

Genera}  refults.  1  fr.  That  the  produftion  of  camphor,  announced  bv  M. 

Kind,  is  uniform  in  the  proportions  he  indicates,  and  of  what¬ 
ever  foil  the  oil  of  turpentine  may  be. 

2nd.  That  the  camphoric  produ6t  may  be  eftimated  at  about 
half  the  quantity  of  the  oil  employed. 

3rd.  That  a  greater  quantity  of  the  gas  does  not  add  to  the 
product,  nor  does  it  deftroy  it. 

4th.  That  this  camphor  may  be  purified  by  water,  by  alka¬ 
line  folutions,  charcoal  athes,  quick-lime  and  alumine  :  and, 
that  thefe  three  laft  fubftances  are  more  efpecially  prefer¬ 
able. 

5lh.  That  it  differs  from  what  is  extracted  from  the  camphor- 
laurel,  in  its  tafle,  which  is  not  fo  bitter,  and  in  its  odour, 
which  is  lefs  penetrating  ;  and,  that  it  prefents  an  abfolute 
difference  in  its  mode  of  a£lion  with  the  nitric  and  acetic 
acids,  the  tirft  of  which  only  dilTolves  it  by  a  reciprocal  de¬ 
compofition.  • 

t>th. 
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6th.  That,  nolwithftanding  thefe  differences,  it  is  not  the 
lefs  a  beautifnl  new  fpecies  of  this  immediate  principle  of 
vegetables  to  chemifts;  and,  that  it  is  to  be  wiflied  that  pby- 
ficians  would  try  it,  to  afcertain  whether,  as  there  is  reafon 
to  believe,  its  action  will  be  the  fame  on  the  animal  eco¬ 
nomy, 

7th.  That,  during  the  operation  from  which  this  camphor 
refults,  there  is  formed  a  true  combination  of  muriatic  acid 
and  volatile  oil,  having  a  refemblance  to  what  the  ancients 
called  acid  foaps. 

8th.  That  liquid  muriatic  acid,  and  dilute  fulphuric  acM, 
not  mixing  with  oil  of  turpentine,  their  a&ion  is  confined  to 
their  point  of  conta£t. 

9th.  That  the  mode  of  a6tion  of  the  muriatic  gas,  in  this 
circumflance,  may  be  explained,  by  the  elegant  theory  which 
MM.  Fourcroy  and  Vauquelin  have  given  of  the  action  of 
fulphuric  acid  on  vegetable  fubftances  in  general. 

10th.  That,  notwithftanding  camphor  is  fet  free  by  the 
flow  diflillation  of  oil  of  turpentine,  without  addition,  we  are 
led  to  believe  that  fo  large  a  quantity  of  this  matter  could 
not  exifl  ready  formed  in  it,  and  that  at  leaf!  a  part  is  the 
refult  of  the  re-a6lion  of  the  principles  of  the  oil,  excited  by 
the  prefence  of  the  acid  gas,  and  its  affinity  for  water. 

11th.  Finally,  that  the  fame  procefs  is  not  applicable  to  the 
extraction  of  the  camphor  contained  in  the  volatile  oils  of 
lavender  and  rofemary. 


XVI. 

Letter  from  Joseph  Hod  dart,  Efq.  F.  R .  S.  on  the  apparent 
Enlargement  of  the  Moon  at  low  Altitudes . 

To  Mr.  NICHOLSON. 

Dear  Sir, 

It  was  not  until  yeflerday  that  I  received  your  Journals,  Introdu&ion. 
Nos.  36  and  37  :  In  the  forme*-,  reading  a  letter  from  C.  L. 
occafioned  my  referring  to  No.  3o,  page  164,  of  the  Journal, 
for  Mr,  Walker's  letter  refpe&ing  the  fenfible  magnitude  of 

the 
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the  horizontal  moon  above  what  it  has  in  the  zenith  ;  and 
therefore  prelent  you  with  the  idea  I  have  entertained  upon 
the  fubjeft. 

Eftimateof  mag-  j  am  0f  opinion  that  the  magnitude  ol  any  object  can  only 
t^the fizeofdie eftimatcd  (as  to  fenfe)  according  to  the  (pace  or  magnitude 
image  on  the  ot  its  image  upon  the  retina.  The  eye  muft  (if  this  is  ad- 

retuu*  mitted),  therefore,  be  the  foie  caufe  ot  the  illufion,  for  the 

moon's  apparent  magnitude  increafes  as  the  riles  towards  the 
zenith. 

The  eye  is  form-  The  eye  by  the  power  of  the  mufcles  can,  at  the  will  of  t he 
<  J  not  only  to  0bferver,  not  only  be  directed  towards  the  obje<5t,  in  order  to 

altar  its  aperture,  J  J  7 

but  alio  its  focal  receive  its  image  upon  the  ufual  part  of  the  retina,  but  acquire 
distance.  a  proper  convexity  for  diftindt  vifion,  or  focus  of  the  retraced 

Elongation  or  : 

the  eye  will  en-  rays  upon  the  retina;  and  alio  to  contract  or  extend  the  area 
large  the  image,  the  pupil  according  to  the  quantity  of  light.  This  admi- 

though  the  an-  .  ,  ,  ,  r  ,  .  •  rr  r 

pular  magnitude  r^ble  property  may  be  oblerved  by  every  one  in  palling  out  ot 

remains  unul-  a  light  room  in  the  night,  and  alfo  in  the  eyes  of  the  brute 

creation  ;  but  I  conceive,  that  while  the  area  of  the  pupil  is 

enlarged  in  order  to  receive  a  greater  quantity  of  light,  the 

eye  is  protruded,  or  the  focal  dillance  between  the  pupil  and 

retina  is  increafed,  which  increafes  the  fonlible  magnitude  of 

the  object,  as  the  image  upon  t he  retina  conveys  it  to  our 

fenfes,  when  viewed  by  the  naked  eye.  This  I  riiltinguilh 

from  apparent  magnitude,  which  we  ufe  w'hen  actually  inea- 

iured  by  an  inftrunient. 

Variation  of  the  The  variation  in  the  magnitude  of  (he  image  upon  the 
pup,!,  or  oi  the  retina,  certainly  cannot  arife  from  the  variations  in  the  dimen- 

apertuie  o!  a  .  f  . 

Jens,  cannot  h°ns  or  the  pupil,  winch  is  contrary  to  the  law  ol  dioptrics; 

alter  the  image,  /or,  on  observing  the  fun,  I  do  not  admit  light  through 

one-twentieth  part  of  the  area  ot  the  object  glals,  which  is 
•f.8  inches  in  diameter,  and  yet  there  is  not  any  difference  in 
the  apparent  diameter ;  or,  whether  the  rays  are  admitted  at 
the  center  or  any  other  part  of  the  object-glafs,  the  obferva- 
The  elongation  l*ons  are  equally  good.  But  1  confider  it  as  a  natural  confe- 

of  the  eye  is  lup- quence,  that  when  (he  pupil  of  the  eye  is  enlarged,  the  focal 

place  whenever  diftance  *s  increafed,  and  which  conftantly  arifes  from  a  dimi- 
the  pupil  is  en-  nution  of  light,  even  without  our  attention;  but  thereby  our 
hght  *s  afTi fled  in  confequence  with  more  light  and  power, 
which  is  fome  corn  pen  Cation . 

and  as  this  takes  1  he  light  Irom  a  celeftial  objedl  near  the  horizon,  is  dirtii- 

phee  when  the  niflicd  by  palling  a  long  diftance  through  a  grofs  atmofphere  ; 
moon  is  lead  lu-  °  °  * 

hence 
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hence  a  fenfible  enlargement  takes  place  in  the  moon  as  well1™0118*  >t  th?n 
as  other  bodies,  which  diminidies  as  the  altitude  increafes,  ‘  ‘  ^ 
and  the  light  lets  interrupted. 

1  am,  Sir, 

Your  mod  obedient, 

J.  HUDDART. 

Highbury  Terrace,  Jan.  2S,  1805. 


XVII. 

A  Memoir  on  Milk  and  the  Ladic  Acid.  By  Cit.  Bouillon 

Lagrange  *. 

SECTION  I. 

The  prefent  State  of  our  Knowledge  refpeding  the  Ladic  Acid. 

^CHEELE  and  Deyeux,  and  Parmentier,  are  the  chemids  Hlftory  of  expe- 
who  have  mod  contributed  to  our  knowledge  of’  the  acid  of  ^The °autho!s* 
milk.  of  difcoverics. 

The  experiments  made  before  the  time  of  thefe  fkilful  phi-  &c* 
lofophers,  are  thofe  of  Hoffman,  Boerhaave,  Homberg,  Geoff- 
roy,  Rouelle  the  younger,  and  Baumd,  But  the  analyds  of 
animal  matters  was  then  in  fuch  an  imperfect  date,  that  littie 
can  be  gathered  from  their  experiments. 

Scheele  directed  his  labours  with  very  different  views.  IlisScheele. 
well  conducted  experiments  led  him  to  determine  the  charadters 
and  properties  of  an  acid  afforded  by  the  ferum  of  milk  But 
not  with  handing  the  labours  of  this  celebrated  man,  we  have 
fome  fubjects  of  inquiry  left  for  examination. 

Befides  the  great  number  of  its  faline  compounds,  as  Four-  Impcrfe&date 
croy  remarks,  which  are  dill  wanting  to  the  fcience,  Lehale  has 

*  Annales  de  Chemie,  No.  150.  vol.  50.  lactic 

The.  author  in  a  note  mentions  his  having  learned  on  the  even¬ 
ing  when  his  Memoir  was  read,  that  Meffrs.  Vauquelin  and  The- 
nard  had  each  been  feparately  employed  on  the  fame  fubject  :  and 
on  that  occafion  he  then  finds  its  neceffary  to  fay,  that  mod  of  the 
experiments  he  delcribes,  are  the  refult  of  obfervations  made  by 
feveral  pharmacians,  at  the  fitting  of  the  fociety  of  pharmacy,  the 
15  Nivofe,  in  the  year  12.  The  verbal  procefs  of  that  day,  figned 
by  Parmentier,  prefident,  and  Delunel,  fecretary,  of  which  an  ex- 
traft  was  fent  t ) ‘the  Philomathic  Society,  afcertains  the  experiments 
he  had  then  made,  and  the  obfervations  of  of  the  feveral  members 
ef  the  fociety  of  Pharmccy. 

not 
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not  pointed  out  the  adtion  of  fire  upon  this  acid,  nor  its  fpon- 
taneous  alteration  in  theyir,  the  manner  in  which  it  comports 
ilfelf  with  the  nitric  acid,  &c.  It  is  not  known  whether  it 
be  totally  decompofed  by  this  lad,  or  converted  into  fome 
other  acid,  particularly  the  oxalic  acid.  We  are  entirely  un¬ 
acquainted  with  the  nature  ot  its  compofition*.  Though  it 
prefents  properties  which  refemble  thofe  ot  the  acetous  acid, 
and  lead  to  the  probability  that  it  nearly  refembles  it;  we 
cannot  yet  rank  it  with  the  vegetable  acids.  On  the  other 
hand,  nothing  decifive  can  be  alferted  with  refpeft  to  its  ani¬ 
mal  nature,  becaufe  no  experiment  has  yet  indicated  the  pre¬ 
fence  of  azote,  and  it  is  yet  unknown,  whether  it  may  afford 
ammonia  in  its  decompofi lion  ;  whether  it  be  putrefcible,  or 
convertible  into  pruftic  acid,  &c. 

This  general  ftatement  while  it  gives  us  a  view  of  our 
knowledge  of  the  lafiic  acid  traces,  as  it  were,  the  Heps  ne- 
celfary  to  be  purfued  in  determining  the  place  which  this  acid 
ought  to  occupy,  as  to  the  number  of  well  eftablifhed  chemical 
fa^ls. 

SECTION  II. 


Concerning  Milk  and  the  cafcous  Matter. 


On  milk,  and  its 

conttituent 

parts* 


Whether  whey 
exifts  ready 
formed  in  milk. 


Milk  cannot  be 
reproduced  by 
the  mixture  of 
its  parts. 


Before  I  proceed  to  deferibe  the  experiments  I  have  made 
on  this  article,  it  will  be  ufeful  to  prefent  fome  refle&ions 
on  milk,  and  its  conftituent  parts. 

Guiton,  in  the  Encyclopedic  Methodique,  offers  two  quef- 
tions  refpecting  the  exillence  of  an  acid  in  milk.  He  ex- 
preffes  himfelf  thus  : 

Docs  the  whey  exiit  in  milkfueh  as  it  is  found  after  the  re¬ 
paration  of  the  other  conftituent  parts  ?  Does  it  manifeft  acid 
properties  on  any  other  account,  than  becaufe  it  holds  falts  in 
folulion,  as  all  the  anaiyfes  fuppofe  ? 

If  whey,  adds  the  fame  chemift,  exifted  in  milk,  in  the  ftate 
it  exhibits  after  the  feparation  of  the  butter  and  cheefe,  we 
ftiould  be  able  to  reproduce  milk  by  mixing  thefe  three  prin¬ 
ciples  again  in  the  fame  proportions.  But  as  this  is  not  the 
cafe,  he  concludes,  that  whey  is  the  product  of  a  true  fermen¬ 
tation. 

The  examination  of  this  firft  queftion  founded  on  experi¬ 
ment,  ought,  I  think,  to  prove  that  it  will  not  be  fufficient 
to  fhew  whether  whey  exifts  in  milk,  that  we  fhould  mix  the 
three  principles  in  the  fame  proportions,  and  re-produce  that 
fluid  ;  firft,  becaufe  thefe  principles  are  no  longer  the  fame ; 

and 
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snd  fecondly,  becaufe  whey  formed  by  the  ufual  proCefs,  is 
more  or  lels  acid. 

Experiment  I .  Recent  milk  gives  a  red  colour  to  the  paper  Exp.  i.  Milk 
and  the  tincture  of  turnfole,  rt'dd<"m  turniolc. 

E.\perimcnt  2.  If  milk  be  diddled  in  clofe  ve(Tels,  and  the  ?'XP* 
product  feparately  taken,  the  firlt  is  not  acid  ;  the  lecond  filiation,  and**1 
reddens  turnfole,  and  (lightly  precipitates  the  nitrate  of  (liver  ;  coatkiues  acid, 
and  the  third  has  no  a6tion  on  the  tincture.  At  this  period, 
the  milk  is  not  yet  decompofed,  but  lull  reddens  turnfole.  It 
appears  that  the  remaining  acid  is  no  ionger  volatile,  but  is 
retained  either  by  the  animal  matter,  or  by  lome  other  fub- 
Itance. 

Experiment  3.  If  milk  be  coagulated  with  a  mineral  or  ve-  Exp.  3.  Whey 
getable  acid,  the  whey  is  (eparated,  without  retaining  a  par- 
tide  of  the  acid  made  ufe  of.  retains  none  of 

I  mud  however  obferve,  that  fome  deception  would  fol- ^1C  ac^d 
low,  if  the  ferum  only  were  examined,  which  is  obtained  bv 
the  fulpburic  acid,  or  by  allum,  becaufe  the  precipitate  afforded 
by  barytes,  is  not  entirely  re-dilfolved  by  the  nitric  acid.  I 
am  latisfied  that  this  arifes  only  from  a  tmall  quantity  of  fui- 
phurate  of  potafh  contained  in  the  ferum,  as  is  evidently 
proved,  when  the  whey  is  (eparated  by  any  other  lubdance 
not  of  an  acid  nature. 

It  is  not  true  therefore  as  many  chemiffs  have  advanced,  that  Exp.  4.  Whey 
■the  acid  feparates  the  cafeous  matter,  by-uniting  with  the  ferum. 

Experiment  4.  If  milk  be  expofed  to  the  air  at  the  temper  compofed,  is  aifo 
rature  between  12  and  20  degrees  (about  66 9  Fahrenheit)  the  acid> 
frparation  takes  place  in  twenty-four  hours.  The  curd  has 
a  more  acid  flavour  than  that  of  experiment  3.  Hot  water 
caufes  it  to  lofe  its  four  tafle,  and  acquires  the  property  of 
reddening  turnfole. 

We  here  find  nearly  the  fame  properties  in  the  cheefy  mat¬ 
ter,  when  fpontaneoufly  formed,  and  when  (eparated  by  acids. 

Experiment  5.  The  fame  experiment  being  made  with  the  Exp.  3.  Milk 
pneumatic  apparatus,  was  attended  with  no  abforption  of  air,  ^cTmpofed' 7 
or  difengagement  of  elaflic  fluid.  The  only  difference  was,  neither  abforba 
that  the  reparation  of  the  cheefy  matter  did  not  take  place  fornorgIve8°'K5ur' 
feveral  days.  Part  floated  on  the  liquid,  and  the  other  occu¬ 
pied  the  bottom  of  the  vefffel. 

Experiment  6.  A  bottle  was  filled  with  frefh  milk,  and  well  Exp.  6.  Milk 
corked.  Some  days  afterwards,  the  cheefy  matter  had  fepe-  ^nt.  ^adofed 
rated.  As  foon  as  the  feparation  was  complete*  the  cork  was  bottle,  gives  co¬ 
ntended  to  be  extracted,  but  it  flew  out  with  violence  and boniC  aC;d* 

noife. 
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exp.  7.  Quail 
ties  of  the 
cheefy  matters 


Dedu&ions  from 
the  fa£ts. 


noife,  indicating  the  pretence  of  an  eladic  fluid.  Upon 
(baking  the  bottle,  a  greater  quantity  of  gas  was  difengaged, 
which  being  colleXed  and  examined,  had  the  fame  charaXers 
as  carbonic  acid. 

The  fluid  as  well  as  the  curd  had  a  fliarp  acid  tade,  which 
became  lefs  pungeut,  as  the  carbonic  acid  was  dilengaged  by 
agitation. 

The  fluid,  after  Raving  been  heated,  did  not  appear  to  be 
more  acid  than  ferum,  obtained  by  expofing  milk,  for  the  fame 
time  to  the  air. 

The  fame  experiment  was  made  with  milk  which  had  been 
boiled  about  half  an  hour,  and  the  refults  were  the  fame. 

Experiment  7.  The  cheefy  matters  of  the  third,  fourth,  and 
fifth  experiments,  differ  eflentially  in  taile  and  confidence. 

That  of  No.  3.  is  dry  and  firm;  that  of  No.  4.  is  more 
divided,  lefs  dry,  and  partly  foluble  in  water;  and  lafily,  that 
obtained  in  the  experiments  No.  5  and  6.  is  not  clotted,  but 
is  more  light,  and  does  not  unite  into  a  mafs,  till  after  feveral 
hours. 

The  cheefy  matter,  therefore,  requires  particular  proper¬ 
ties,  according  to  the  fubftances  and  the  proceffes  employed 
to  feparale  the  ferum. 

Thefe  fird  experiments  lead  us  to  the  following  reflexions, 
that,  1.  Milk  does  not  require  to  be  decompofed,  in  order  to 
manifed  the  prefence  of  an  acid.  2.  That  this  acid  is  mixed 
with  falts,  fugar,  and  animal  matter.  3.  That  the  acid  in 
milk  is  difengaged,  though  it  is  not  very  perceptible,  but  by 
re-agents.  4.  That  the  contaX  of  the  air  is  not  necedary  for 
feparating  the  conftituent  parts  of  milk.  5.  That  the  coagu¬ 
lating  fubdances  merely  facilitate  the  feparation  of  the  cheefe, 
either  by  forming  a  new  compound,  or  by  more  immediately 
condenfing  the  particles  together,  when  the  cheefy  matter  re¬ 
quires  new  properties:  or  ladly,  by  expofing  the  milk  to  the 
air.  By  degrees,  a  part  of  the  fugar  of  milk  is  decompofed  ; 
carbonic  acid  is  formed,  of  which  one  part  is  difengaged,  and 
the  other  facilitates  the  feparation  of  the  curd  ;  caloric  alio 
favours  the  attractions  of  coagulating  matters  for  the  curd. 
They  all  aX  differently,  for  alcohol,  which  alfo  podedes  this 
property,  affords  other  refults;  the  curd  being  to  a  certain 
point  foluble  in  water.  We  cannot  therefore  as  chemids  have 
aferibed  thefe  eileXs  to  the  folution  of  thofe  fubdances  in 
water,  and  their  greater  altraXion  for  the  liquid  than  is  ex¬ 
erted  by  the  cheefy  matter  itfelf. 

(To  be  continued .) 
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ARTICLE  I. 

*  * 

Hiftorical  and  Critical  Obfervations  relating  chiefly  to  the  In¬ 
vention  of  the  Telefcope .  In  a  Letter  from  E.  O. 


To  Mr.  NICHOLSON. 


SIR, 


Although  i  was  aware  that  the  experiment  on  the  in-  Incompreffibllity 
compreffibility  of  water  was  to  be  found  in  Lord  Bacon’s  vv’aLer* 
work,  yet  I  wras  happy  to  fee  that  Sir  H.  Englefield  had  taken 
the  trouble  of  reminding  your  readers  of  the  original  inventor 
of  it.  I  am  always  glad  when  I  fee  any  thing  which  may  re¬ 
call  our  attention  to  the  works  of  our  ill uftrious  countryman. 

They  abound  with  inftruclion,  and,  in  many  inflances,  his  con¬ 
jectures  may  be  compared  to  the  Queries  of  Sir  I.  Newton, 
which  contain  the  foundations  of  the  greateft  difeoveries. 

In  the  fame  paper  Sir  H.  Englefield  has  given  us  a  very  cu-  Remarks  on  the 
rious  pafiage  from  Kepler;  and  although  I  cannot  perfuade 
niyfelf  that  he  is  accurate  in  his  interpretation  of  it;  yet  I  Englefield  ani 
think  the  argument  has  been  by  no  means  accurately  Rated  Alctcs» 
by  Aletes*.  I  thall  therefore  beg  )our  permiffion  to  infer! 
fome  additional  remarks  on  a  fubjeCt,  which  certainly  poflefles 
a  confiderable  (hare  of  intereR.  I  muR  beg  leave,  likewife. 


*  Vol.  X.  p.  92. 

Vol.  X.— March,  1305.  L 
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previoufly  to  remark  that  Sir  H.  Englefield  has  not  aflerled 

The 


relating  to  the^  that  Kepler  was  the  original  inventor  of  the  telefcope. 
telefcope.  only  inference  which  can  be  judly  drawn  from  his  words,  is 
that  they  were  invented  as  early  as  the  year  1607.  No  one, 
indeed,  who  had  altentivel)  read  Kepler's  dedication  ot  his 
Dioplrice,  could  have  entertained  fuch  an  opinion.  He  pre- 
cifely  dates*  that  (ince  “  ad  magnum  cumulum  inventionum 
hujus  ultimi  faeculi  accedififet  Arundo  Dioptrica,  nequaquam 
inter  vulgares  commemoranda  machinationes,  circaque  earn, 
alii  de  palrna  primee  inventionis  certarent,  alii  de  perfeflione 
indrumenti  fefe  ja&arent,  ....  Galilscus  vero  fuper  ulu  pa- 
tefadto  in  perquirendis  arcanis  Adronomicis  fpeciocidimum  tri- 
umphum  ageret;  ....  Ego  duftus  honeda  quadam  aemulati- 

one  novum  mathematicis  campum  aperui . caufarum 

lege  geometrica  demonftraiidarum  quibus  .  .  .  effe&us  inni- 
terentur.” 

Before  the  invention  of  telefcopes,  adronomical  obferva- 
tions  were  fometimes  made  with  tubes,  but  more  generally 
with  rods  (regulac)  which  had  fights  fixed  at  each  end.  Thefe 
indruments  were  generally  called  Dioptra,  and  the  apertures 
in  the  lights  were  called  foramina  dioptrorum,  not  perfpicilla. 
Ptolemy  in  his  Almegift  +  deferibes  the  indrument,  which  is 
generally  known  by  the  name  of  his  Triquetrum.  It  had  fights 
at  each  end,  with  apertures  in  them,  which  Georgius  Trape- 
zuntius,  the  tranfiator,  calls  foramina  :  he  mentions,  indeed, 
no  particular  name  for  this  part  of  the  indrument,  but  Theon 
in  his  commentary  +  deferibes  the  conduction  of  it  to  be  fuch, 
that  the  whole  moon  would  appear  through  the  dghts  tv  rn 
<WW.  Proclus  Diadochus,  in  his  Plypotypofis  Adromica- 
rum  Pofitionum,**  mentions  the  Dioptra  of  Hipparchus,  which 
was  an  indrument  of  the  fame  kind  :  fee  Riccioli  Almegidum 
Novum,  vol.  I.  B.  3.  C.  10.  §  4.  But  wre  can  have  no  fur¬ 
ther  doubt  upon  the  fubjeft,  if  we  turn  to  FJamflead's  Hidoria 
Caeledis,  vol.  III.  p.  97.  He  there  fays  that  “  haud  pauci 


^  Pp.  V},  54.  Lond.  165-3.  -f-  Book  5,  chap.  12. 

I  f5,  ^  Bafil,  15o8.  Notwithdaoding  what  Hardninus  fays, 
I  have  no  doubt,  but  that  the  Dioptra  mentioned  by  Pliny  in  his 
Ivn ui  -d  H  bo.  y,  B .  2  C.  69.  was  an  indrument  of  this  kind  $  but 
it  )  (  elcnption  of  it  is  given,  and  therefore  I  cannot  argue  upon  it 
in  this  place. 

**  P.  3 99.  Bafil,  1.541. 
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obfervationura  Tychonicarum  errores  ex  nudorum  Dioptrofum  Obfcrvations 

ufu  neceffarie  confequuntur.”  Now  it  is  only  neceirary  to  ex-.re,at*n.s  t0  t!lc, 

.  .  .  J  J  invention  of  UM, 

amine  the  Adronomiae  Indauratae  Mechanica,  and  we  (hall  feete!efcope. 

that  almod  all  the  indruments,  which  Tycho  Brahe  ufed,  are 

fitted  with  fights,  which  were  Tome  perforated  with  fmall 

holes,  and  fome  divided  by  narrow  flits :  this  part  of  the  in- 

liniment  he  called  dioptra,  the  perforations  he  called  foramina, 

and  the  flits  rimulce. 

I  could  quote  further  proof  that  thefe  words  were  commonly 
ufed  in  the  fenfes  which  I  have  affixed  to  them,  but  it  would 
be  not  only  unneceffiary  but  tedious.  It  mud,  therefore,  re¬ 
main  with  Aletes  to  produce  as  good  authorities  for  the  al- 
ledged  difference  between  perfpicillum  and  perfpicillum  vitreum . 

I  cannot  help  thinking,  however,  that  the  very  title-page  of 
Kepler’s  Dioptrice  will  be  fatal  to  his  explanation;  for  there 
xve  find  that  mention  is  made  of  the  dilcoveries  of  Galilaso, 
made  “  ope  perfpicilli ”  after  the  publication  of  the  Siderius 
Nuntius.  Here  the  word  perfpicillum  is  undoubtedly  ufed  for 
the  telefcope  itfelf,  and  before  I  conclude  what  I  have  to  fay, 

I  ffiall  quote  a  paffage  from  Galilmo,  which  is  fill  more  con¬ 
tradictory  to  the  ideas  of  Aletes. 

Although  I  differ  from  your  correfpondent  with  refpeCt  to 
the  arguments,  which  he  has  dated  to  you,  ftill  I  agree  with 
him  in  his  general  conclufion,  that  Kepler  did  not  mean  a  te¬ 
lefcope  by  the  word  perjpicilla .  We  learn,  indeed,  from 
Borelli’s  book  de  vero  inventore  telefcopii,  that  *  one  account 
makes  the  invention  as  early  as  the  year  1590;  but  when  we 
compare  this  with  the  depofilion  ol  Sara  Gaedardad  and  what 
is  ftated  by  Galiiceo  in  (p.  10  of)  his  Sidereus  Nuntius,  it  feems 
mod  probable  that  telefcopes  were  not  known  before  the  year 
1609.  If  Zachary  Jaufens  was  acquainted  with  them  before 
that  period,  he  feems  not  to  have  publithed  his  difcovery  to 
the  world.  Now  Kepler,  in  the  place  above  quoted  from  the 
dedication  of  his  Dioptrice,  takes  an  opportunity  of  praifing 
the  invention  in  the  highed  terms,  and  as  he  did  this,  when  it 
was  public,  it  is  probable  that  he  would  have  done  fo  dill 
more  warmly,  if  he  had  been  the  fird  who  publilbed  an  ac¬ 
count  of  obfervaticns  made  with  them  ;  but  there  is  nothing 
of  this  kind  in  the  paffage  alluded  to  in  his  book  de  cometis. 

*  P.  25.  f  p.  31.  This  makes  the  invention  about  1611  or 
1613,  but  “  de  certo  praefixo  tempore  nonpotuit  dicere.” 

L  2  He 


ON  THI  TELESCOPE. 


148 

Obfervatlons  He  was  looking  at  the  ftars  with  a  friend  on  the  bridge  at 
relating  to  the  prague,  and  they  obferved  one  in  particular.  “  Vidi”  *  he 

telefcope*  lays,  “  ftellam  tub  urfa,  majorem  caeteris  per  perfpicula  intu- 

itus,  qua?  acquale  ca:teris  fixis  lumen  mihi  tine  pert picill is 
ditfundere  videbatur.”  It  is  not  likely  that  the  perfon,  who 
mentioned  the  lirft  ufe  of  fucli  an  inrtrument  as  a  teleleope, 
would  coniine  himfelf  to  to  dry  an  account  of  the  effects  pro¬ 
duced  by  it.  But  there  is  another  argument,  which  may  be 
drawn  from  the  book  itfelf,  and  that  is,  when  Kepler  is  giving 
an  account  f  of  his  obferving  a  comet  in  the  year  1618,  he 
ufes  the  word  telefcopium  and  not  perfpicillum.  “  6  Sept, 
jam  nulla  amplius  cunda  vilu  nudo  potuit  obfervari  et  telelco- 
pio  infpedtus  fatis  magnus  apparuit.”  i(  Sept.  23.  Planitudo 
major  fine  telefcopio,  quam  per  illud.^j; 

But  what  puts  it  beyond  doubt  that  Kepler  was  not  in  pof- 
feilion  of  a  telefcope  fo  early  as  the  year  1607,  is  that  we  hear 
of  no  great  difeoveries  which  he  made  about  that  time  by  ob¬ 
ferving  the  heavens.  Monfieur  de  Moutucla,  indeed,  fays  § 
that  “  Uniquement  applique  a  determiner  avec  precifion  les 
mouvemem-  celefles,  cet  homme  celebre  failoit  peu  d'uiage  du 
telefcope. ”  He  probably  thought  himfelf  juftitied  in  this, 
when  others  were  employed  in  the  more  mechanical  labour  of 
oblervation.  When  he  had  no  fuch  fellow-labourers,  it  is  im- 
poflible  that  a  man  like  Kepler  could  have  neglected  an  oppor¬ 
tunity  of  obferving,  or  have  concealed  the  means  of  doing  fo; 
and  if  he  had  not  done  both,  we  tnuft  have  had  fome  notices 

remaining  either  in  his  own  writings  or  thole  of  others., - 

We  muff  recollect  like  wife?,  that  he  was  the  firft  who  under- 
itood  the  theory  of  telefcopes  and  the  combination  of  lenfes, 
and  we  mutt  not  forget,  that  thefe  difeoveries  being  once  made, 
the  greatefl  difficulty  was  overcome  ;  it  was  only  neceflary  to 
ufe  the  telefcope  and  mark  the  objects  which  it  prefented  to 
the  fight. 

From  what  I  have  Haled  there  feenis  to  be  confiderable  dif¬ 
ficulties  attending  either  of  the  ways,  which  have  been  pro¬ 
posed  for  interpreting  the  word  perfpicilla.  But  there  are 
fome  paflages  in  the  Sidereus  Nuntius,  which  feem  to  allift  us 
in  affixing  a  meaning  to  the  word,  lets  exceptionable  than  the 
one  hazarded  by  Aletes. 

Sept.  1607.  fP.  48.  %  P.  58. 

§  Hiftoric  des  Mathematiques,  vol.  II.  p.  234. 
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In  p.  11.  Galilceo  fays  ft  tubum  primo  plumbeura  mihi  pa*  Observations 
ravi,  in  cujus  extremitates  vilrea  duo  perfpicilla  .  .  .  aptavi.” the 
Again  in  p.  12.  be  fays  **  dum  nulla  in  tubo  adeflent  perfpi-  tclefcopc. 
cilia/’  the  rays  pafs  in  one  direction,  but  ‘‘  appofitis  perfpi- 
cillis/’  they  will  pafs  in  another.  Hence  it  appears  that  Ga- 
lilaeo  makes  no  difference  between  perfpicilla  and  vitrea  per - 
fpicilla,  but  ufes  both  indifcriminately  for  the  glades  of  his  te- 
leicopes.  I  am  inclined  indeed  to  believe  that  the  original 
meaning  of  perfpicillum  was  like  that  of  conjpicilium  a  mere 
lens ;  that  when  lenfes  were  combined  in  telefcopes  it  was 
uled  both  for  the  glals  and  the  inftrument,  until  the  word  tele- 
fcopium  became  common.  I  am  not,  however,  prepared  to 
bring  forward  fufficient  authorities  for  this  account  of  the  word, 
and  I  have  not  leifure  at  prefenl  to  fearch  for  them.  It  is  fuf- 
ficient  for  my  purpofe  that  we  are  juftified  in  underflanding  the 
word  as  meaning  a  mere  lens;  for  if  we  conlider  it  as  fuch  in 

the  patfage  under  confideration  all  the  difliculty  vanifhes. - 

Kepler  complains  in  this  very  book  de  cometis  *  of  the  weak-  . 
nefs  of  his  fight ;  he  might,  therefore,  have  probably  ufed  a 
fimple  lens  to  afiift  it.  Monfieur  Dutens  f  has  clearly  proved 
that  the  convex  lens  was  knowm  to  the  ancients,  and  at  the 
fame  time  £  that  Borelli  calls  Zachary  Janfens,  “  confpicilio- 
rum  artifex  peri  ti  film  us,”  he  (peaks  of  his  concave  as  well  as 
convex  glades. 

There  is  one  circumfiance  attending  the  obfervation  itfelf, 
which  feems  to  give  fome  fupport  to  my  interpretation,  which 
is,  that  it  was  not  made  at  a  time  when  Kepler  was  carefully 
examining  the  heavens  for  any  new  phenomena;  but  in  a  walk 
which  he  accidentally  took  with  his  friend.  Now  he  may  eafily 
be  fuppofed  to  have  carried  about  with  him  a  fimple  lens  to 
corre<5t  any  fault  of  his  eyes,  but  it  is  fcarcely  probable  that  he 
would  have  had  with  him  a  telefcope,  made,  poffibly  like  Ga- 
lilaco’s,  of  a  long  leaden  pipe.  I  fcarcely  need  add,  that 
whatever  clears  and  firengthens  the  fight  will  diminith  the  ap¬ 
parent  diameter  of  a  fixed  flar,  and  confequently  increale  the 
relative  magnitude  and  light  ot  the  comet. 

•  P.  30.  Inftrumenta  Tychonica,  See.  See.  et  oculos  vegetos  re- 
quirunt,  quse  omnia  mihi  defuerunt,  1607,  and  in  p.  48.  Debili 
fium  vifti,  1618. 

f  Decouvcrtes  des  ancient.  Partie  3,  chap.  10.  §.  273.  X  P»-J* 

I  am 
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Obfervations  I  am  confcious,  Sir,  that  what  I  now  fend  you,  is  put  to- 

invcntion° of' 'the S€t^er  a  verY  hafty  manner.  Were  my  time  at  my  own 

tclctcope.  difpofal,  I  would  endeavour  to  make  it  more  fit  to  meet  the 

public  eye;  but  I  am  induced  to  fend  you  thefe  hints  in  their 
prefent  ftate,  becaufe  I  rely  as  much  upon  the  candour  as  on 
the  learning  and  abilities  of  Sir  H.  Englefield.  If  I  am  mif- 
taken,  he  will  fet  me  right;  and  if  I  have  any  foundation  for 
my  opinion,  he  can  eafily  illuftrate  my  hypothecs  by  the  paf- 
fages  which  agree  with  it,  in  the  old  writers  on  optics  and 
aftronoray.  I  am.  Sir, 

Your  obliged  humble  fervant, 

E.  O. 


Oxford ,  Feb.  10,  1805. 


P.  S.  Since  I  finifhed  the  letter,  which  I  fent  to  you  on  the 
10th  infl:.  I  have  met  with  a  paffage,  which  appears  to  me  io 
decide  thequeftion  on  which  I  wrote  to  you.  It  is  in  Kepler’s 
book,  which  he  publilhed  at  Francfort  in  1  (504,  under  the  title 
of  Aftronomice  pars  optica.  The  beginning  of  it  is  entitled 
Paralipomena  in  Vitdiionem.  He  difcuffes  the  nature  of  the 
eye,  and  at  p.  178.  he  begins  a  fet  of  proportions  on  the  man¬ 
ner  in  which  it  adts  as  the  organ  of  vifion.  The  28 tb  of  thefe 
propofuions  is  that  which  makes  moft  immediately  for  my  pre¬ 
fent  purpofe;  it  is  at  p.  200,  and  he  enumerates  it  in  the  fol¬ 
lowing  words. 

Qui  remota  diftindte  vident,  propinqua  confufe;  iis  per- 
**  fpicilla  convexa  profunt.  Qui  vero  confufe  vident  remota, 
**  juvantur  concavis  perfpicillis.” 

The  mere  quotation  of  thefe  words  is  fufficient  for  the  proof 
of  what  I  have  aflerted  ;  but  as  it  may  afford  fome  amufement 
to  your  readers,  I  will  add  his  remarks  upon  them  as  fhortly 
as  poffible. — **  Quanta  admiratio”  he  fays,  "  rei  tantx  tam 
late  propogatum  u(um  :  &  tamen  caulum  ignorari  hadfenuR.” 
J.  B.  Porta,  he  a<lds,  profeffes  to  give  tne  reafon  in  his  op¬ 
tics:  but  this  book  he  was  never  able  to  meet  with.  Kepler 
then  very  ably  refutes  the  opinion  of  thofe,  wno  fuppofe  this 
effect  to  be  produced  by  the  increafing  or  dimiitifhing  of  the 
apparent  magnitude  of  the  objedh  He  offers  with  confider- 
ab!e  diffidence  his  own  method  of  accounting  for  the  pheno¬ 
menon.  He  fuppofes  that  in  the  cales  mentioned  in  the  pro¬ 
portion  the  vifion  is  iraperfeft,  in  as  much  as  without  the  in¬ 
tervention 
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tervention  of  convex  or  concave  Ienfes,  the  apices  of  the  dif¬ 
ferent  cones  of  rays  would  fall  either  before  or  behind  the 
retina.  He  lupports  his  theory  by  experiments  which  he  tried 
on  fhort  and  long-fighted  perfons  ;  and  quotes  the  palfage  from 
Ariftotle,  in  which  he  points  out  the  difference  between  the 
myops  and  the  prefbytes. 

Feb.  12. 


II. 

Con  fir  uEtion  of  a  Line  in  a  Circle,  nearly  equal  to  the  Side  of  a 

j 

Square  of  the  fame  Superficies  as  that  of  the  Circle  itfelf.  With 
Remarks  on  Pendulums  and  other  Objects.  By  Mr.  j .  W  h  i  t  l  f.  y 
Boswf.ll. 

To  Mr.  NICHOLSON. 

SIR,  Feb.  9,  1805. 

A  VINO  often  found  a  difficulty  in  computing  the  preffure  Introduction, 
of  fluids  in  tubes  and  cylindrical  veffels,  from  all  the  calcula¬ 
tions  relative  to  the  gravities  of  different  bodies,  which  I  was 
acquainted  with,  being  adapted  for  cubic  meafure,  it  appeared 
a  very  delirable  matter  to  find  an  eafy  method  of  converting 
round  into  fquare  meafure,  which  induced  me  at  different 
times  to  attempt  it,  and  as  often  to  lay  it  afide,  from  not  being 
able  to  arrive  at  any  fatisfadtory  retult.  But  lately  having  had 
occafion  to  refume  this  fubjecl,  I  have  difeovered  a  method  of 
coming  fo  very  near  the  truth,  that  if  it  ffiould  turn  out  to  be 
hi  reality  not  fo  exadt  as  it  feems  to  me,  it  will  ferve  fo  well 
for  common  computations,  and  promites  on  that  account  to  be 
of  fuch  utility,  that  I  am  induced  to  fend  it  to  you  for  publi¬ 
cation,  if  you  approve  of  it. 

As  this  fubjedt  has  been  by  many  looked  on  as  foinevvhat  To  convert 
chimerical,  it  may  be  therefore  not  amifs  to  mention,  for  thofe  meafurc 
of  your  readers  who  are  not  very  converlant  in  geometrical 
ftudies,  that  a  mechanical  method  of  computing  fquare  mea¬ 
fure  from  round  is  a  very  ancient  and  well-known  problem  ; 
but  this  method  being  difficult  to  apply  to  the  infide  of  tubes, 
and  not  capable  of  being  ufed  in  diagrams  or  drawings,  has 

made  another  method  dcfirable :  mine  for  this  purpofe  is  as 

* 

follows : — 
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Problem. 

To  find  by  con 
ftrudtion  the 
fide  of  a  fquare 
equal  to  a  circle. 


Proof  by  trial. 


To  find  a  right  Line,  the  Square  of  which  j (hall  be  equal  to  a 

given  Circle . 

Draw  two  diameters  (I  F  and  C  T)  bife<5ting  each  other  at 
right  angles  in  the  center  (O)  of  the  given  circle;  bifedt  one 
of  the  radii  fo  formed  (O  T)  in  W,  and  from  the  extremity  (I) 
of  the  next  adjoining  radius,  through  W  draw  the  right  line 
(IB)  to  the  circumference:  This  line  (I  B)  is  the  line  re¬ 
quired. 

Proof. 

Let  a  fquare  be  formed  equal  to  the  given  circle  by  the  third 
corol.  prop,  fifth,  of  Archimedes;  then  take  a  fquare  formed 
by  the  line  I  B,  and  place  it  on  this  other  fquare,  fo  that  one 
angle  and  the  fide  adjacent  to  it  of  one,  fhall  fall  on  one  angle 
and  the  fide  adjacent  to  that  angle  of  the  other;  then  will  it 
be  feen  that  all  the  other  angles  and  fides  of  each  will  coin¬ 
cide,  and  the  whole  of  one  be  equal  to  the  whole  of  the 
other. 

This  kind  of  proof  is  nearly  the  fame  as  that  of  the  fourth 
prop,  firfi:  book  of  Euclid,  on  which  fo  many  other  propofi- 
tions  depend  ;  and  having  often  tried  this  method  in  the  above 
manner,  I  could  never  perceive  any  difference  between  the 
two  fquares :  In  thofe  trials  I  ufed  circles  of  card  paper  for  the 
more  exadt  meafurement  of  the  circumference  in  the  mechani¬ 
cal  procefs  directed  in  the  method  of  Archimedes.* 

To  the  above  I  have  to  add  the  farther  proof  which  follows 
of  the  exactnefs  of  my  method,  which  may  make  it  appear  flill 
more  certain. 

Sometime  after  I  difeovered  the  above,  looking  into  a  work 
of  the  learned  Kircher  for  a  ready  method  of  deferibing  a  pa- 

*  In  order  to  (hew how  near  Mr.  B.’s  confltinSHon  approaches  to 
the  truth,  we  may  obferve,  that  when  the  diameter  is  rr  I,  the 
area  is  ~  0.7854,  and  the  fide  of  the  equal  fquare  ~  0.8862. 
But  in  the  figure,  I  W  is  found  by  adding  the  fquare  of  the  radius 
to  that  of  the  half  radius,  and  extra&ing  the  fquare  root ;  and  then 
by  the  property  of  fimilar  triangles,  as  the  radius  is  to  I  W,  fo  is 
the  diameter  to  I  B,  which  will  be  0.8944  when  the  diameter  is 
—  1.  But  this  line  exceeds  0.8862,  or  the  true  fide  of  the  fquare, 
by  0  .0082,  or  nearly  one  hundredth  part.  N. 

4*  rabola 
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rabola  which  I  knew  was  inferted  in  it,  I  perceived  therein 
alfo  a  geometrical  method  of  finding  a  right  line  equal  to  any 
given  portion  of  the  circumference  of  a  circle;  and  having 
by  this  method  drawn  a  right  line  equal  to  the  fourth  of  the 
circumference  of  a  circle,  and  with  it  and  the  diameter  formed 
a  parallelogram  equal  to  the  circle,  and  then  a  fquare  equal 
to  this  parallelogram,  in  the  ulual  manner  :  I  afterwards  formed 
another  fquare  equal  to  the  fame  circle,  according  to  my  me¬ 
thod  before  defcribed,  and  found  no  perceivable  difference  be¬ 
tween  it  and  the  former  fquare. 

The  difcovery  of  a  faCt  in  geometry  often  leads  to  another; 
one  of  this  kind  I  have  to  add  here,  which  is,  that  a  right  line 
(BE)  drawn  from  the  extremity  B  of  the  line  IB,  at  right 
angles  through  the  oppofite  diameter  (I  F)  to  the  circum¬ 
ference,  will  be  equal  to  a  fourth  of  the  circumference. 

The  problem  of  Kircher  above  mentioned,  may  be  found  in 
the  Ars  magna  Lucis  et  Umbra,  prop.  3,  lib.  3.  pars  2,  page 
239,  and  the  two  following  pages. 

As  the  circles  which  I  ufed  were  under  three  inches  diame¬ 
ter,  it  is  poflible  on  fo  (mall  a  fcale  a  minute  error  might  not 
be  vifible;  but  even  in  this  cafe  it  muff  be  very  inconliderable. 


I  take  the  opportunity  of  forwarding  the  above  to  fend  an  Properties  of 
explanation  in  reply  to  the  annotations  on  my  paper  on  pen- Pendulums> 
dulums,  which  I  hope  you  will  do  me  the  favour  to  infert,  as 
you  have  in  fome  degree  called  on  me  (or  it. 

I  beg  leave  to  obferve,  that  in  that  paper  I  have  endea¬ 
voured  to  put  a  marked  diftinCtion  (though  perhaps  not  fuffi- 
cientlv  forcible)  between  the  obfervations  which  admitted  of 
proof,  and  fpeculations  on  new  fubje&s  :  The  latter  may  be 
confidered  to  commence  with  Huygens'  pendulum;  and  the 
others  on  fimilar  principles,  along  with  this,  were  merely  de¬ 
igned  as  objects  propofed  for  experiment,  not  as  things  proved, 
and  nothing  is  inferted  about  them  but  what  was  intended  to 
be  noted  as  conjectural  by  the  mode  of  expreflion. 

I  confider  it  ufeful  to  propofe  experiments  (exclufive  of  my 
partiality  to  this  mode  of  afeertaining  faCts),  becaufe  among 
your  numerous  readers  there  might  be  fome  who,  with  little 
trouble  or  expence,  have  opportunities  to  make  (rials  of  this 

kind. 
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properties  of  kind,  from  the  nature  of  theii  employments  furnifbing  them 

penuuiums,  &c*  wp|1  ap  materiais  neceffary  ready  at  hand,  and  who  have 
fuflicier.t  interefl  in  the  fubjed  to  induce  them  to  undertake 
them. 

I  acknowledge  that  (as  you  obferve)  I  did  not  ilate  all  my 
reafons  for  thinking  that  Huygens’  circular  pendulum,  and 
the  others  propofed  on  the  lame  principles,  would  not  be  fo 
liable  to  alter  their  notation  of  lime,  as  thofe  in  common  ufe, 
from  a  change  of  temperature;  but  this  was  caufed  by  the 
other  fubjeds  contained  in  that  paper  having  extended  it  to 
lucli  a  length  as  to  oblige  me  to  curtail  this  and  other  matters, 
and  leave  out  part  of  what  I  had  written  relative  to  pyrometers 
alfo.  My  reafon  for  thinking  well  of  Huygens’  pendulum  pro¬ 
ceeded  partly  from  my  refped  for  his  opinion,  founded  on 
the  high  idea  I  have  of  his  mathematical  erudition;  and  be¬ 
cause  it  appeared  to  me,  that  the  fizc  of  the  circle  produced 
by  the  gyration  of  the  ball,  depending  on  the  impulfe  of  the 
moving  power  more  than  on  the  length  of  the  fufpending 
l'tring;  that  if  the  firing  lengthened  a  little,  the  circle  would 
not  be  thereby  increased  ;  and  even  if  it  was  increafed,  that 
the  effed  of  the  paraboloidal  lamina  would  prevent  its  altering 
the  time  of  each  revolution  of  the  ball  (granting  the  theorem 
of  Huygens,  which  I  inferted,  to  be  trup) ;  for  though  I  was 
aware  that  the  parabola  generated  would,  by  the  lengthening 
of  the  firing,  become  of  fomewhat  lefs  curvature,  yet  I  thought 
this  change  would  be  fo  minute  as  not  fenfibly  to  affed  the 
time,  efpecially  as  a  change  apparently  greater  had  not  af- 
feded  it  in  a  fimilar  cafe,  which  will  be  mentioned  a  little 
farther  on,  but  of  this  I  had  doubts  then,  as  appears  from  what 
is  remarked  in  page  77,  where  I  mention  that  I  thought  the 
other  confirudions  which  I  propofed  might  be  belter  on  ac¬ 
count  of  the  firing  of  that  of  Huygens  being  liable  to  lengthen. 

I  recommended  the  other  pendulums,  on  finnlar  principles, 
for  trial,  beeaufe  though  the  expanfion  will  increafe  the  di- 
menfions  of  the  parabolical  and  cycloidal  curves,  yet  fiill  they 
will  not  ceafe  to  be  thofe  curves,  which  Huygens  has  proved 
to  have  fuch  remarkable  properties  for  the  regulation  of  pen¬ 
dulums  ;  and  as  it  has  been  found  by  experience,  that  a  pen¬ 
dulum  vibrating  in  a  fmall  arc  of  a  large  circle,  has  the  fame 
accuracy  as  when  moving  in  a  cycloid,  1  imagined  that  there 
could  not  at  leaft  be  more  difference  between  the  effeds  of 


two 


/ 


ON  PENDUIVMS.  ]55 

two  cycloids  or  parabolas  a  little  differing  in  fize,  than  be-  Properties  of 

tween  the  cycloid  and  large  circle;  and  befides,  as  the  cy-  Pcmiu*ums»  &c* 

cloidal  cheecks  ufed  by  Huygens  (which  he  found  to  fucceed 

fo  well)  were  liable  to  the  fame  alteration  by  expanhon,  l 

looked  on  his  numerous  experiments  as  confirmations  of  this 

opinion. 

In  reply  to  the  obfervation  relative  to  the  luperior  effeCi  of 
pendulums  detached  as  much  as  poflible^  I  beg  leave  to  ob- 
ferve,  that  a  movement  interrupted  or  intermitting  (fuch  as 
more  or  lefs  takes  place  in  clocks  with  ofcillating  pendulums), 
is  fo  very  different  from  one  which  continues  equally  without 
any  interruption  (as  that  of  the  circular  pendulum),  that  it 
does  not  feern  to  me  conclulive  to  argue  from  the  elfe&s  of 
one  to  thole  of  the  other. 

In  the  note  relative  to  the  circular  veffel  enclofing  (he  mer¬ 
curial  tube,  J  am  inclined  to  imagine  you  were  not  aware  that 
this  veffel  was  directed  to  be  faftened  to  the  fpindle  fo  as  to 
revolve  with  it,  by  which  means  there  would  be  no  lateral 
motion  given  to  the  air  but  by  the  fridlion  of  the  outfide  of 
the  cafe  ;  for  which  reafon  I  mentioned  that  it  fhouhl  be  made 
very  fmooth  externally  :  I  alfo  directed  it  to  be  covered,  to 
prevent  theeffeft  of  the  current  of  air,  which  would  otherwife 
pals  through  it,  caufed  by  the  centrifugal  impulfe  of  the  cir¬ 
cular  motion.  * 

As  to  what  I  obferved  about  the  fufpending  fpring,  I  per¬ 
haps  expreffed  myfelf  too  generally  :  I  hill  think,  however, 

I  could  point  out  feveral  inftances  of  gridiron  pendulums, 
where  (he  compenfations  were  made  of  one  bar  againft  an¬ 
other  only,  without  allowing  any  compenfation  for  this  fpring. 

I  think  it  neceffary  to  mention  among  the  emendations  of 
my  former  paper,  that  the  cycloidal  bed  of  the  rolling  pen¬ 
dulum,  propofed  in  it,  Ihould  be  formed  of  the  fame  thick- 
nefs  in  every  part,  as  it  might  expand  unequally  if  made 
thicker  in  one  part  than  another :  As  a  trial  of  this  fort  of 
pendulum  may  be  made  with  a  common  clock  at  a  fmall  ex¬ 
pence,  I  hope  it  will  induce  fome  one  better  (killed  in  fuch 
experiments  than  I  am,  to  make  it,  even  if  the  others  thould 
not  be  tried  :  and  as  a  farther  reafon  for  expectation  of  fuccefs 
in  the  trial,  it  Ihould  be  confidered  (in  addition  to  what  has 
been  advanced  in  fupport  ot  the  opinion,  that  the  effect  of  the 
cycloidal  bed  would  be  but  little  altered  by  its  expanhon). 
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Properties  of  that,  on  account  of  the  fhortnefs  of  this  bed,  it  could  not  pof- 
pendulums,  Sec.  hi y  expand  as  much  in  length  as  the  39  inches  of  wire  con- 
tained  in  a  common  pendulum-rod  ;  and  that,  as  the  greutelf 
expanfion  of  the  wire  is  certainly  in  the  direction  the  molt  in¬ 
jurious  to  the  elfedt  of  the  pendulum,  which  is  not  the  cafe 
with  that  of  the  cycloidal  bed,  it  is  probable  that  the  rolling 
pendulum  would  be  found  fuperior  to  that  in  common  ufe. 

With  regard  to  the  obiervalions  on  pyrometers,  I  own  I 
never  faw  that  of  Deluc  ;  but  as  your  defeription  of  it  is  not 
fufficienlly  minute  to  enable  me  to  perceive  how  (lie  flandard 
in  it  for  meafuring  the  different  bars,  could  efcape  expanfion 
in  an  increafe  of  temperature  of  the  atmofphere,  I  fti  11  can 
conceive  no  method  by  which  the  flandard  for  meafurement  in 
any  pyrometer,  could  be  prevented  from  altering  its  length 
from  the  above  caufe,  but  by  keeping  it  artificially  at  a  fixed 
temperature,  bv  fome  means  d i ft i n <5t  from  the  apparatus,  fimi- 
lar  to  thofe  of  Mr.  Ramfden,  which  vou  have  mentioned. 
W  hat  I  wrote  on  this  fubjeft  was  intended  as  a  caution  in 
future  experiments,  and  if  it  has  produced  the  more  extended 
publication  of  means  to  avoid  the  error  I  pointed  out,  or  fhall 
hereafter  do  fo,  my  view  will  be  fully  anfwered. 

Your  very  humble  fervant, 

J.  WHITLEY  BOSWELL. 


III. 

Some  Remarks  upon  the  Experiments  by  uhich  Mr.  Ez.  Walker 
has  endeavoured  to  explain  the  apparent  Enlargement  of  the 
Moon  near  the  Horizon  :  uith  a  Statement  of  fame  FaSis  upon 
which  that  Phenomenon  fee  ms  chieflu  to  depend.  In  a  Letter 
from  C.  H. 


To  Mr.  NICHOLSON. 

SIR, 

Mr.  Walkd's  I  SHOULD,  with  your  permiflion,  be  glad  to  point  out  to 
experiments  ad-  your  corre  pendent,  Mr.  Ezekiel  Walker,  a  theorem  in  op¬ 
tics,  to  which,  it  appears  to  me,  that  he  has  not  paid  fufficient 
attention  in  the  courl'e  of  his  fiudies. 

Rays 
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Kays  irom  a  diflant  objeft  which  pafs  through  a  convex  lens  Optical  theorem, 
near  its  center,  will  have  their  focus  more  diilant  from  the  ?  he.t°cus  ot'  1 

•  ,  i  •  •  .  lens  is  ihorter 

lens,  than  thole  rays  which  pals  through  it  nearer  to  its  cir-  the  larger  the 

eumference  ;  and,  confequentl y,  the  image  formed  by  lheaPerture>  ^ 

.  i  ,  .  .  ,  y  ,  ,  ,  image  ot  coutfe 

central  rays,  will  be  as  much  larger  than  that  lormed  by  thefmauer. 

rays  of  the  circumference,  as  the  focal  difiance  of  the  former 

(hall  exceed  that  of  the  latter.  With  a  given  aperture,  the 

focus  will  be  that  point  in  which  the  greaiefl  number  of  rays 

coincide,  for,  there,  will  the  image  appear  mod  diftirift  ;  and, 

confequently,  as  we  enlarge  the  aperture  of  the  lens,  the 

central  rays  mufi  be  combined  with  others  more  convergent, 

the  new  focus  will  approach  the  lens,  and  the  image  be,  of 

courfe,  proportionably  diminiflied. 

The  total  difagreement  of  this  theorem  with  the  refult  of  This  is  contrary 

Mr.  W.'s  experiments,  I  can  only  account  for  by  fuppofmg  ^ 

this  gentleman,  while  he  enlarged  the  aperture  of  his  lens,  he  was  probably 

not  to  have  paid  attention  to  the  increafing  brightnefs  of  the  cleceived  by  the 
,  .  ,  ,  ,  .  ~  .  rr  y  .  differences  in 

image,  winch,  by  making  a  ltronger  impreilion  on  the  retina,  brightnefs. 

would  appear  to  increafe  in  magnitude  with  every  enlargement 

of  the  aperture.  If  1  might  be  allowed  to  offer  my  advice  toPropofal  that  he 

Mr.  W.  I  fhould  recommend  him  to  repeat  his  experiments,  ^ould  yai7  antl 

1  1  .  repeat  the  expe- 

and  lubflitute,  for  the  flame  ot  the  candle,  a  lkreen  having  ariment. 

circular  opening  covered  with  thin  paper.  This,  with  a  light 
behind  if,  may  reprefent  the  horizontal  moon.  Some  cha¬ 
racters  fhould  be  marked  upon  it,  in  order  to  determine,  with 
more  facility,  when  the  image  is  moft  diflinct.  The  precau¬ 
tion  of  reducing  the  different  images,  as  nearly  as  poffible, 
to  the  fame  degree  of  brightnefs  previous  to  meafurement, 
muff  not  be  negledted.  I  am  furprized  indeed,  that  the 
ftructure  of  the  eye,  which  Mr.  W.  profeffes  to  have  kept  in 
view  in  the  courfe  of  thefe  experiments,  did  not  point  out  to 
him  the  importance  of  this  circumftance,  which  is  fo  admi¬ 
rably  anfwered,  in  the  natural  organ,  by  the  contraction  and 
expanlion  of  the  pupil. 

As  the  phenomenon  of  the  horizontal  moon  has  of  late  Phenomenon  of 

much  engaged  the  attention  of  feveral  of  your  c  c  r  r  efp  o  n  d  e  n  t  s,  ^  *on° . 

I  will  avail  myfelf  of  the  prefent  opportunity  to  add  a  few  in  part  by  the 

remarks  on  that  fubiect.  It  appears,  at  firft  view,  that  the *"uppofmon  of 

moil  obvious  method  of  accounting  for  the  phenomenon,  is  by  the  aerial 

the  following:  We  believe  the  moon  more  diffant  from  usPeriPe&lvc>  and 
,•  ~  ,  ,  .  .  .  ,  r  other  circum- 

when  in  the  horizon  than  when  m  the  meridian  ;  but  we  lee  fiances ; 

•  #  • 

it. 
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but  thefc  have 
rot  the  gt-eateft 
{hare  in  pro¬ 
curing  it. 


New  explana- 


if,  in  botli  cafes,  under  the  fame  apparent  angle,  atid,  ac¬ 
cording  to  our  ufual  habits  of  judging  ot  the  magnitudes  ot 
objefts,  neceflarily  refer  the  idea  of  greater  magnitude  to  the 
greater  diflance.  The  aerial  perfpeftive,  and  various  other 
circumfiances,  which  combine  to  make  the  horizontal  diflance 
appear  the  grealeft,  have  been  fo  well  and  (o  often  deferibed, 
that  it  would  be  fuperfltions  to  repeat  them  here.  I  muft  ob- 
ferve,  however,  that  this  appearance  of  greater  difiance  in 
the  horizontal  moon,  though  the  fir  ft  and  moft  obvious  cir- 
cumflance  which  prefents  itielf  to  explain  the  illufion,  is  not, 
in  my  opinion,  that  which  has  the  grealefl  fhare  in  pro¬ 
ducing  it. 

After  having  confidered  the  fubje6t  with  much  attention, 

I  am  of  opinion  that  the  chief  ftrefs  ought  to  be  laid  on  the 
following  particulars : 

We  may  be  faid  rarely  to  fee  the  moon  in  the  horizon. 

tion.  The  moon  Qur  acquaintance  with  it  is  at  fome  confiderable  alti- 

jfv  rarelv  feen  in  1 

the  horizon.  tude.  Hence  it  follows,  that  all  the  obje&s  with  which  it 
comes  in  apparent  contact,  and  with  which  we  occafionally 
compare  its  dilk,  are  near  to  us,  and  fubtend  angles  propor- 
Small  obietts  tionably  large.  Thus,  for  inftance,  we  often  fee  the  moon 

a"” confiderable °n  a  ^arbe  portion  of  her  face  behind  the  branch  of  a  tree 

altitudes.  or  a  weather-cock,  and  totally  disappear  behind  a  chimney. 

The  elevated  The  clouds,  too,  which  fleet  before  her,  appear,  from  their 
proximity  to  us,  on  a  gigantic  feale.  Thefe  are  the  circum- 
flances  under  which  we  have  infenflbly*  formed  our  general 
ideas  of  the  moon's  magnitude.  Let  us  now  furvey  it  in  the 
caufe  compared  horizon.  The  cafe  is  widely  altered.  We  have  now  an  op- 
with  them.  portunity  of  comparing  it  with  various  large  objects,  which 
the  horizon,  the  perhaps,  being  themlelves  on  the  verge  ot  a  diftant  horizon, 
clouds,  build-  will  be  reduced  to  very  trifling  dimenfions  3  and  thus  the  caftle 
Jafge  :^r  anc^  rca^>r  cathedral  will  hide  but  a  fmall  part  of  that  globe, 
which  wc  have  commonly  feen  half  eclipfed  by  a  fpout  or  a 
weathercock.  The  clouds  too,  reduced  by  diflance,  appear 
on  a  much  fmaller  feale  when  compared  with  the  moon.  In 
fliort,  it  is  no  longer  the  fame  moon  we  were  acquainted  with 
in  the  meridian,  but  a  much  larger  and  more  majeflic  fphere, 
the  novel  appearance  of  which  flrikes  mod  of  its  fpedators 
with  a  degree  of  awe  and  amazement. 

Though  it  appears  to  me  that  the  circumflance  I  have 
pointed  out,  of  onr  habitual  comparifon  of  the  moon  with 

objects 


clouds  are  alfo 
large,  becaule 
rear  } 

and  the  moon 
Jcems  Imall,  be 


will  appear 
fmall,  and  hide 
but  little  of  the 
moon’s  dife  j 
which  will 
therefore,  by 
coiuparifun,  be 
teen  on  a  grand 
and  enlarged 
feale. 

Thefe  are  the 
principal  cir- 
cumftancesi 
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objeds  of  known  magnitudes,  has  the  greateft  fhare  in  pro¬ 
ducing  the  illufion  by  which  it  appears  largeft  in  the  horizon, 
I  would  by  no  means  be  underflood  to  rejed  the  principal 
circum fiances,  long  fince  noticed  as  contributing  towards  the 
fame  effed.  Different  circumllances  will  neceffarily  have 
more  or  lefs  influence  with  different  perlons,  according  to 
the  tenor  of  their  previoufly  acquired  habits  and  obfervations, 

I  remain.  Sir, 

Your  obedient  fervant, 

C.  H. 

Taviftock  Place,  Feb .  15. 
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ANNOTATION.  W.  N. 

THIS  very  ftriking  and  perfpicuous  explanation  of  the  Experiment 
enlargement  of  the  moon  near  the  horizon,  will  bring  to  theW!t^  3 

°  .  °  quadrant^  in 

reader’s  recolledion  a  great  number  of  fads,  where  the  ab-  which  the  fun 
folute  magnitudes  of  objeds,  of  which  the  diflances  are  im-  a"d .™on  appear 
perfedly  known,  are  erroneoufly  eftimated  by  comparifon  nitudes,  accord” 
with  other  objeds  lying  in  the  lame  diredion.  Navigators  lnS  t0  the  oo- 
mufl  have  been  often  flruck  with  the  extreme  minutenefs  of  tl^ir ^mage^aie 
the  image  of  the  fun  or  moon,  when  brought  down  by  projected. 
Hadley’s  quadrant  fo  as  to  be  feen  projeded  upon  the  near 
objeds  below  the  horizon.  Since  the  perufal  of  this  com¬ 
munication,  I  have  repeated  the  experiment  on  thofe  lumi¬ 
naries.  If  the  image  of  the  moon  be  removed  a  certain  num¬ 
ber  of  degrees  from  the  dired  ray,  it  is  eafy,  by  altering  the  , 
portion  of  the  quadrant,  to  obferve  that  image  in  the  horizon 
to  the  right  or  left,  or  upon  the  pavement  before  us,  or  at  a 
great  elevation  in  the  heavens.  In  thefe  cafes  its  apparent 
magnitude,  while  the  angular  fize  and  brightnefs  remain  un¬ 
altered,  is  found  to  be  fmall  at  the  great  elevation,  large  in 
the  horizon,  and  mofl'fo  when  projeded  upon  diflant  objeds, 
and  it  becomes  a  minute  (peck  when  feen  depreffed  among 
the  objeds  clofe  to  the  obferver.  The  fame  experiment  may 
be  made  with  a  pane  of  glafs,  but  lefs  objedionably,  becaufe 
it  might  be  urged  that  the  quantity  of  illumination  is  different 
according  to  the  obliquity  of  refledion. 


A  Malhc- 
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Theory  of  the 
fpeaking  trum¬ 
pet. 


IV. 

A  Mathematical  Theory  of  the  Speaking  Trumpet.  By  John 

Gough,  Ffq. 

To  Mr.  NICHOLSON. 

SIR, 

FT HE  fpeaking  trumpet  is  a  conical  tube,  which  receives  the 
human  voice  from  the  mouth,  and  encreafes  the  range  ol  it. 
The  ftruCture  of  thefe  internments,  and  the  materials  of  which 
they  commonly  confift,  teach  us  to  refer  this  lingular  faculty  to 
two  caufes.  In  the  lirlt  place,  the  ceriel  pulfes  undergo  cer¬ 
tain  modifications  in  the  cavity  of  the  trumpet ;  the  nature  and 
effects  of  which  I  am  going  to  inveftigate.  Secondly,  the 
metallic  thell  of  the  inflrument  augments  the  power  of  the 
voice,  by  its  aptitude  to  conduCt  thofe  impulfes;  which  are 
impreffed  upon  it,  partly  by  the  pulfes  of  the  included  air,  and 
partly  by  the  direCt  a&ion  of  the  Larynx,  tranfmitted  through 
the  medium  of  the  face  to  the  mouth-piece  of  the  inflrument. 
Before  I  enter  upon  the  inveftigation  of  the  effects  refulting 
from  the  firft  caule,  it  will  be  neceffary  to  premife  the  follow¬ 
ing  lemma  : 

Article  1 .  Let  ORSr  f  Fig.  IV.  Plate  7)  be  an  evanefeent 
fphere  of  air,  which  is  agitated  by  two  or  more  pulfes,  be¬ 
ginning  and  ending  together,  and  radiating  from  the  points  P py 
&c.  the  vibatory  motion  of  ORSr,  in  any  direction  what¬ 
ever  is  equal  to  the  joint  fum  of  the  forces,  which  the  pulfes 
would  imprefs  upon  it  feparatelv.  Join  P  O,  O  p;  and  draw 
the  lines  R  O  r,  S  O  5  perpendicular  to  P  O,  Op  ;  now  as 
thefe  lines  are  evanefeent,  every  point  of  each  of  them  is 
equally  prefled  at  any  inftant  by  its  refpective  pulfe.  But  the 
force  imparted  to  ROr  by  P,  agitates  the  fphere  ORSr 
equally  in  all  directions,  Principia ,  422;  the  fame  holds  true 
of  the  force  of  p  upon  SO  s.  Now  thefe  forces  cannot  co- 
alefce  or  be  compounded  fo  as  to  act  in  a  lingle  direction, — 
Munch.  Mem.  V.  5.  p.  660;  consequently  they  a<5t  with  their 
joint  powers  in  all  directions. 

Art.  2.  This  being  premifed,  let  the  fruftum  A  B  C  D  (Fig. 
3.)  reprefent  a  trumpet,  the  (hell  of  which  is  a  non-conduCtor 
of  found.  After  a  pulfe  of  the  voice  has  palled  through  the 

aperture 


I 


SPEAKING  TRUMPET. 


161 


aperture  A  B,  it  is  bounded  in  front  by  a  fpherical  furface,  Theory  of  the 
having  O,  the  vertex  of  the  cone  DOC,  for  its  centre,  and  fPeakinS  trum- 
fubtending  the  plane  angle  A  O  B  ;  in  other  words,  let  fuch  a 
furface  be  deferibed  any  where  in  the  fruftum  A  B  C  D,  and 
the  variable  denlity  of  any  one  particle  of  air  in  contad  with 
it,  will  be  equal  to  the  cotemporary  dentity  of  any  other  par¬ 
ticle  in  the  fame  furface.  For  as  foon  as  the  motion  is  propa¬ 
gated  into  the  internal  air,  the  pulfe  will  expand  as  far  as  the 
fides  of  the  tube  will  permit:  Princip.  42.2 :  after  which,  the 
motion  will  be  continued  to  the  oppofite  aperture  0  D,  in 
right  angles,  43  ibid,  therefore  it  will  be  propagated  along  the 
lines-  A  D,  B  C  with  equal  celerities,  fuppofe  to  1  ?nd  V. — 

On  the  plane  T  V  deferibe  the  furface  T  N  V,  in  which  the 
denlity  of  the  air  is  every  where  equal  at  any  inftant :  Now 
every  point  of  fuch  a  furface  ads  upon  the  air  externally  in 
contact  with  it,  and  is  re-aded  upon  by  the  fame  perpendicu¬ 
larly  to  itfelf,  in  fuch  a  manner  that  equal  portions  of  the  fur¬ 
face  fupport  equal  degrees  of  prelfure.  Let  U  u  be  an  eva- 
nefeent  particle  of  the  curve  T  N  V,  draw  UK,  perpen¬ 
dicular  to  N  O  ;  then  the  fuperficial  ring  between  the  planes 
UK,  uk  is  as  U  K  x  U«;  but  this  ring  is  as  the  prelfure 
upon  it;  which  is  alfo  inverfely  as  the  radius  of  curvature  at 
U,  therefore  if  U  K  x  U  u  be  conftant,  the  radius  of  curva¬ 
ture  is  conftant ;  confequently  it  is  equal  to  O  T,  and  the  truth 
of  the  proportion  is  manifeft. 

Art.  3.  Let  f,  be  the  force  of  a  pulfe  in  the  aperture  A  B ; 
and  let  the  internal  air  of  the  cone  be  agitated  with  an  equal 
and  fimilar  impulfe  at  the  point  O  ;  then  the  effed  thus  pro¬ 
duced  in  the  trumpet,  will  be  the  fame  with  that  of  the  voice 
ading  at  A  B,  (by  Art.  2.)  But  had  the  cone  been  out  of  the 
way,  the  fame  force  at  the  diftance  O  A,  would  have  been 
uniformly  diffufed  over  the  furface  of  the  hemifphere,  having 
O  for  its  centre. 

Art.  4.  Put  A  0=r;  the  variable  diftance  O  T=x;  the  ra¬ 
dius  of  an  evanefeent  circle=d;  the  verled  line  of  hall  the 
angle  AO  B  —  p\  3. 1 41 6=c.  Then  as  the  force/ is  diffufed 
over  the  hemifphere  whofe  radius=r,  in  free  air  by  Art.  3. 
that  part  of  it  which  relides  in  an  evanefeent  point  ol  the  fame 
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Art.  5.  Tha  magnitude  of  the  furface  T  N  V  =  2  cp  x*: 
but  the  force  f  is  diffufed  over  this  fegment  by  Art.  3.  con- 
fequendv  that  part  of  it  which  is  conlined  to  an  evanefeent 

f  f<! 

ipace  q  = - - 

2c  p  X* 

Art.  6.  Since  the  fphcrica!  furface  T  N  V  is  convex  to  the 
plane  C  N  D  (Art.  2.)  the  agitation  of  the  air  in  the  latter 
will  commence  at  the  centre  N,  and  extend  thence  by  the  ap¬ 
plication  of  fucceffive  circles  of  the  fphere  TN  V  to  equal 
circles  of  the  plane  C  D,  having  N  for  their  centre  ;  which 
operation  will  continue  until  T  and  V  fall  upon  C  and  D. — - 
Now  as  C  N  D  is  in  contact  with  unconfined  air,  each  point 
of  it,  upon  being  (truck,  will  become  a  centre,  from  which  a 
pulfe  will  radiate  freely.  ( Priricip.  ’42.2.) 

Art.  7.  Let  P  be  fuch  a  phyfical  point,  and  let  its  area  =  q; 
then  if  an  evanefeent  plane  “  <7  be  drawn  through  P  perpen¬ 
dicular  to  O  P  or  x,  the  force  imprefled  upon  it  by  the  trum- 
y  ft 

pet  will  be  -  -  (Art.  5)  but  the  fame  force  is  imparted  at 

a*  C  J)  3C 

the  fame  time  to  the  equal  phvfical  point  P  in  the  plane. 

(Art.  1.) 

Art.  8.  Let  L  be  flic  place  of  an  ear,  in  O  N  produced,  or 

more  properly  of  a  minute  fphere  of  air.  Put  N  P  —  y  ;  P  L 

—  w.  Now'  the  pulfe  proceeding  from  P  will  have  due  effect 

upon  the  point  L  ( Munch.  Mem.  v.  V.  p.  662.  cor.  1) ;  which 
/* 

(Arts.  6  and  7):  hence  we  have  (by 


effed  is  as - 


Art.  4)  as- 


2  cp  x  w' 

f  fd* 


fq 


fq  df 


for  the  force 


2  r2  2cpx2w‘1  4?cpx'liV‘ 

acting  upon  the  fphere  L  having  d  for  its  radius.  Put  the  num- 

2  c  v  7/^ 

ber  of  points  which  act  together  =  - — —  (Art .  6.) ;  confe- 

q 

quentlv  their  united  forces  rr  —Ljil L*  (Art.  1 .) 

J  4  pxxw% 

Art.  9.  PutL  N  =zg;  NO  =  q  OC  =za;  C  L  =  b;  and 

f  d* 

the  correct  fluent  of  the  preceding  expreflion  is 


draw  n  into  the  hyp.  log.  of  — 5  when  g  and  c  are  unequal. 

But  if  C  D  bilect  O  L;  put  C  N  —  kt  and  the  coned  fluent 

fd 1  k* 


*Xpg 


becomes 


4  p  g1  b‘ 


Art .  10, 
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Art.  1 0.  Though  the  foregoing  fluents  have  received  one  Theory  of  the 

correction,  each  of  them  requires  a  fecond,  arifing  from  ^alung  trum“ 

certain  circum fiances  peculiar  to  this  problem.  For  it  is 

evident,  that  the  commencement  of  the  agitation  at  N  is 

prior  to  that  at  C,  by  a  part  of  lime,  which  is  as  C  0  —  0  N; 

confequently  the  completion  of  the  former  pulfe  at  L,  will 

precede  the  termination  of  the  latter  at  the  fame  point  by  a 

fimilar  interval ;  w  hich  is  as  L  C -}- C  O  — O  L.  Put  this  time 

—  t,  and  the  duration  of  one  vibration  of  the  larynx  =1;  alfo 

let  the  indivilable  interval,  or  of  a  fecond  according  to 

Euler  be  denoted  by  m  ;  then  multiply  the  exprefiions  in  Art.  9 

.  ,  r  vi  — t 

by  the  traction  — - — • 


Art.  1 1 .  The  force  determined  in  the  preceding  paragraphs, 
is  that  which  a  non-condu&ing  tube  imparts  to  an  evanefcent 
fphere  of  air.  This  circumllance  affords  a  plaufible  objection 
to  the  prefent  theory ;  becaule  the  fenfe  of  hearing  is  not  con¬ 
fined  to  a  phyfical  point.  But  as  the  feat  of  this  fenfation  is 
of  a  given  extent,  at  lead  in  each  perfon,  the  number  of  thefe 
vibrating  points,  in  contact  with  the  fenfitive  furface,  is  alfo 
given:  from  this  it  follows,  that  the  effe6t  of  one  particle  is 
nearly  a  true  mealure  of  the  power  of  the  whole  number, 
when  the  car  lies  at  a  great  difiance  from  the  plane  C  N  D, 
reprefenting  the  trumpet's  mouth. 

Art.  12.  So  mucli  of  the  prefent  fheet  is  occupied  by  the 
confideration  of  the  fir  ft  eaufe,  that  my  remarks  on  the  fecond, 
or  the  effects  of  the  metallic  (hell,  muff  be  confined  within 
narrow  limits;  thefe  I  fhall  begin  as  follows. 

Art.  13.  Since  the  conducting  power  of  the  trumpet  is 
given,  the  vibrations  communicated  to  the  fmall  end  of  it  by 
tiie  breath  and  face,  will  pats  to  the  oppofite  extremity  in  a 
given  time;  which  call  L.  Alfo  let  h  be  the  force  of  a 
vibration  at  the  diftance  1  ;  and  C  L  or  b  exprels  the  fpace 
betwixt  the  trumpet  and  a  remote  ear. 

Art.  14.  In  the  fir  ft  place,  let  l  be  equal  to  L;  then  a  fingle 
pulfe  o(  the  trumpet  will  ltrike  the  ear  for  every  vibration  of 

h  vi  d  2 

the  voice;  and  the  force  of  it  will  be  — - — — —  by  my  former 

L  r 


paper  on  this  fubject.  In  the  next  place,  let  l  be  an  aliquot 
part  of  h  ;  then  the  number  of  pulfes  impreffed  on  the  car  in 

M  2  the 


I 
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the  time  of  L  is 


hence 


the  force 


h  m  ( l 1 
/  b 1 


Add  this 


equation  to  the  former  of  thofe  found  in  Art.  9  ;  and  the  fum 
gives  the  force  of  the  trumpet  upon  a  diftant  ear. 

Art.  15.  But  if  /  be  an  aliquant  part  of  L,  the  found  will 

be  imperfeftly  formed ;  becaufe  the  quantity  —  being  a  mixed 


number,  the  vibrations  of  the  larynx  will  be  conduced  along 
the  metal,  and  difeharged  into  the  air  in  a  ditorderly  manner, 
fo  as  to  deftroy  the  continuity  of  (he  note.  The  fame  caufe, 
in  all  probability,  conftitutes  the  difficulty  which  the  inex¬ 
perienced  find  in  their  firft  attempts  to  found  horns  and 
military  trumpets:  for  the  lips,  which  are  compreffed  by  the 
end  of  the  tube,  form  the  mouth  piece  in  this  cafe ;  and  the 
art  of  producing  the  found  feems  to  coniifl  in  caufing  the 
edges  of  them  to  vibrate  in  aliquot  parts  of  L,  or  the  interval 
belonging  to  the  loweft  note  of  the  inftrument.  The  fame 
origin  may  alfo  be  aferibed  to  the  rnufical  fcale,  compofed  of 
what  are  called  the  trumpet  notes ;  the  intervals  of  which 
decreafe  in  the  following  ratios,  1,  i,  |,  i.,  &c.  for  \  is 

the  greateft  aliquot  part  of  unity,  .y  the  next  in  fucceffion,  and 
fo  on. 

Art.  16.  If  the  remarks  contained  in  the  two  preceding  pa„ 
ragraphs  be  juft,  the  perfon  who  makes  ufe  of  a  fpeaking 
trumpet,  mu  ft  attend  to  the  management  of  his  voice;  the 
pitch  of  which  ought  to  coincide  with  fomenote  in  the  trumpet 
fcale  of  his  inftrument :  for  proper  attention  to  this  eircum- 
ftance  will  make  the  found  of  the  metallic  ftiell  perfeft,  and 
bring  it  into  unifon  with  the  other  found;  which  arifes  from 
the  aerial  pulfes,  patting  through  the  cavity  of  the  tube,  at  the 
fame  inftant.  In  this  manner,  the  greateft  found  will  be  pro¬ 
duced,  fuppofing  the  power  of  the  voice  to  be  conftant ;  be¬ 
caufe  the  two  lets  ot  pulfes,  conftituling  the  unifon,  will  im- 
prets  the  greateft  poftible  force  upon  the  ear  in  a  given  time. 
On  the  other  hand,  if  the  foregoing  precaution  be  negle&ed, 
the  imperfect  found  of  the  metal  will  difturb  the  uniformity 
of  the  other,  which  is  formed  in  the  cavity  ;  and  the  force  im- 
prefted  on  the  ear  by  fo  dilorderly  an  aggregate  of  pulfes, 
will  be  interrupted  and  inconftant. 

Art .  17.  Perhaps  it  is  unnecettary  to  remark,  that  the  perfeft 
elafticity  of  the  air  forms  the  balls  of  the  prefent  theory;  a 

,  fuppofttion 
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fuppofition  which  in  all  probability  is  not  altogether  juft ;  but, 
when  the  fmallnefs  of  the  angle  O  L  C  is  recolle&ed,  the 
error  arifing  from  the  hypothecs  vaniflies  in  a  great  meafure. 

JOHN  GOUGH, 

Middle/haw,  Feb.  8,  1805. 


V. 

I  / 

Obfervations  on  Bajhlt,  and  on  the  Tranjition  from  the  vitreous 
to  the  jlony  Texture,  ivhich  occurs  in  the  gradual  Refrigeration 
of  melted  Bafalt ;  with  fome  geological  Remarks.  In  a  Letter 
from  Gregory  Watt,  Efq.  to  the  Right  Hon.  Charles 
Greville,  V.  P.R.S.  From  the  Philofophical  Tran  factions 
for  1  SO*,  p ,  279. 

(Concluded  from  Page  126.) 

A  CURIOUS  divertity  may  prevail  in  the  produdts  of  a  Fufion  and  cool* 

compound  body  fubjedted  to  fufion,  when  abfolute  folution  is  \n|.may  P^^ce 

produced.  When  merely  fimple  fufion  takes  place,  the  aggre-  in  compound  bo- 

gation  of  the  parts  only  is  deftroyed  :  the  fluidity  arifes  from  d‘es>  t^ie  morc 
..  ...  ,  powerful  the  one 

the  facility  with  which  they  move  on  each  other;  and  a  regu-  an{j  gradual  the 

lated  diminution  of  temperature,  by  facilitating  their  re-union,  other, 
can  hardly  fail  to  recompofe  the  fame  fpecies  that  formerly 
appeared  to  exift  in  the  compound.  But,  if  the  molecules 
have  been  diffolved  and  decompofed,  and  their  component 
particles  diffufed  through  the  fluid,  there  feems  to  be  very  little 
probability  that  any  re-union  fhould  compofe  the  fame  mole¬ 
cules.  It  is  more  likely  that  new  compounds  will  be  formed,, 
from  which  new  molecules,  and  of  courfe  new  cryftals,  will 
be  generated ;  and  that,  confequently,  the  fame  rock  may  be¬ 
come  the  parent  of  very  diverfified  offspring.  Thefe  will 
however  retain  fome  traces  of  their  origin;  for,  as  there  can 
be  no  fufion  of  a  compound  body  imagined,  in  which  the  mu¬ 
tual  action  of  the  components  will  notdecompofe  lome  portion, 
there  can  be  no  folution  fuppofed  fo  perfect  that  every  mole¬ 
cule  flia.Il  be  deftroyed.  In  the  fir  ft  cafe,  there  will  exift  the 
germs  of  a  new  eompofition ;  and,  in  the  fecond,  there  will 
remain  the  relics  of  the  old. 

If  thefe  obfervations  are  corredt,  confiderable  utility  feems  The  aqueous  ^ 

derivable  from  them,  in  the  explanation  of  fome  geological  ytsfirniSrftSib 

problems. 
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Calcareous  fla- 
laftitcs :  at  firft 
fibrous,  then 
irregularly  fpa- 
thofe,  then  (par* 


Coaft  near  Sun¬ 
derland  fo  form¬ 
ed. 


Petrofile*,  of 
doubtful  origin, 
fimilarly  arrang¬ 
ed  in  its  itruc- 
turc. 


problems.  It  will  appear,  that  thev  firikingly  illurtrate  (he  ana¬ 
logy  which  exifis  between  the  aqueous  and  igneous  formations, 
and  fhow  that  precifely  the  fame  order  and  kind  of  arrangement 
is  followed,  in  the  generation  of  fiony  niafles  from  water  as 
from  fire;  for,  the  change  of  firufture,  which  I  have  oblerverl 
to  be  (he  mod  inexplicable  part  of  (he  procels  by  which  glafs 
pafiTes  into  Hone,  is  almofi  exactly  imitated  in  the  formation  of 
calcareous  fialaftites.  Succeflive  depofitions  of  calcareous  car¬ 
bonate,  form  a  fialadlite,  which  ai  firfi  i^  fibrous.  A  continuance 
of  the  procefs  caufes  the  fibrous  firucture  to  dilappear,  and  the 
fiala&ite  becomes  irregularly  lpalhofe.  Tin  irregularities  (hen 
vanifh,  and  it  becomes  perfect  calcareous  fpar,  divifible  into  large 
rhomboids,  with  the  form  peculiar  to  that  mineral;  and  all  the 
gradations  may  be  found  in  the  fame  fpecimcn.  Nor  is  this 
change  confined  to  a  few  folitary  fpecimens;  (or  a  confulcrable 
extent  of  coaft  near  Sunderland,  is  formed  ot  a  lime-ftone  com- 
pofed  of  radiated  fpheroids,  from  half  an  inch  to  three  inches 
diameter,  imperfe&ly  united.  When  one  of  ihefe  fpheroids 
attains  fomething  more  than  the  ufual  magnitude,  it  becomes 
compact  in  the  heart;  and  it  is  not  unufual  to  difeover  por¬ 
tions  of  the  rock,  in  which  the  radii  have  entirely  difappeared, 
and  the  whole  mafs  has  become  compact.  It  is  probable  that 
the  entire  formation  of  oolithi  and  pilolithi  is  owing  to  the  fame 
caufe;  and  that  they  are  prevented  from  ever  arriving  at  great 
nze,  by  the  union  of  their  fur  faces,  and  their  fubfequent  con- 
folidation  into  compaft  limefione,  into  which  they  are  conti¬ 
nually  found  to  graduate. 

Hitherto,  I  have  feledted  infiances  from  fubfiances  which 
have  an  undifputed  claim  to  an  aqueous  origin.  J  (hall  now,  on 
the  authority  of  Dolomieu,  inftance  a  limiiur  arrangement,  in  a 
fubfiance  refpedfing  the  origin  of  which  theories  are  not  agreed. 
A  fpecies  of  petrofilex  is  found  in  the  Val  de  Nido,  in  Corfica, 
which  contains  radiated  petrofiliceous  glands,  from  half  a  line 
to  an  inch  in  diameter.  Thcfe  gland?  only  differ  from  the  bafis 
by  their  radiated  ftrudhire,  and  their  colour;  and  appear  to 
indicate  very  clearly,  that  the  rock  was  fubje&ed  to  a  fpecies  of 
arrangement  which,  if  it  had  been  completed,  would  have 
changed  its  nature,  and  probably  would  have  rendered  it  por- 
phyritic;  for  Dolomieu  obferves,  that  the  centre  of  the  glands 
was  often  occupied  by  a  fmall  cryfial  of  feldfpar.*  The  extra- 


*  Dolomieu.  Journal  de  Phyfique,  1794,  page  260. 

ordinary 
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ordinary  rock  called  the  globular  Granite  of  Corfica,  is  an  Globiilar  granite 

analogous  indance.  It  is  compofed  of  cryflals  of  hornblende,  at  Cor^ca* 

feldfpar,  quartz,  and  mica,  in  conf'ufed  aggregation  ;  and  in  this 

balls  are  immerfed  fpheroids,  about  an  inch  and  a  half  or  two 

inches  in  diameter,  compofed  of  concentric  alternate  coats  of 

quartz  and  hornblende.  The  centre  is-princi pally  occupied  by 

hornblende;  this  is  furrounded  by  a  zone  of  quartz.  Thele 

fpheroids  are  radiated  to  the  centre.  There  can  be  little  doubt 

that  this  rock  is  merely  the  ref ult  of  interrupted  cry  ftallization ; 

and  that,  if  the  procefs  of  arrangement  had  continued,  this  - 

itruclure  would  have  difappeared,  and  the  whole  rock  would 

have  refembled  the  prefent  bafis.  Hitherto,  this  very  lingular 

rock  has  only  been  found  in  detached  fragments.* 

The  admiffion  that  folution  is  not  a  requifite  of  cryflalliza-  Solution  not  bc- 

.  .  J  J  ~  ~  r  .  ing  indifpenfable 

tion,  appears  to  me  an  important  concetlion  in  tavour  of  the  tocryftallization, 

aqueous  fyflem,  which  has  laboured  under  very  great  embar-  but  only  mecha- 

rallment,  from  the  difficulty  of  difib! ving  quartz.  If  a  very  manVgeologicd 

perfect  mechanical  fufpenfion  be  all  that  is  requifite,  we  may  difficulties  are 


removed. 


*  I  fhall  venture  to  quote  another  iuftance,  on  the  authority  of 
Profeflor  Playfair.  Thel’alt  rock,  in  Chefliire,  which  lies  in  thick 
<c  beds,  interpofed  between  ftrata  of  an  argillaceous  or  marly  ftone, 
“  and  isitfelf  mixed  with  a  conliderable  portion  of  the  fame  earth, 
<<  exhibits  a  very  great  peculiarity  in  its  ftru6ture.  Though  it 
forms  a  mafs  extremely  compact,  the  lalt  is  found  to  be  arranged 
<c  in  round  mafles,  of  five  or  fix  feet  in  diameter,  not  truly  fpherical, 
ee  but  each  compreffed  by  thofe  that  furround  it,  fo  as  to  have  the 
«(  fhape  of  an  irregular  polyhedron  ;  thefe  are  formed  of  concentric 
coats,  diftinguilhable  from  each  other  by  their  colour,  that  is, 
“  probably,  by  the  greater  or  Ids  quantity  of  earth  which  they  con- 
<<  tain  ;  fo  that  the  roof  of,  the  mine,  as  it  exhibits  a  horizontal  fec- 
“  tion  of  them,  is  divided  into  polygonal  figures,  each  with  a  mul- 
<<  titucle  of  polygons  without  it,  having  altogether  no  inconfider- 
tt  ;lijle  refemblance  to  a  Mofaic  pavement.  In  the  triangular  fpaces 
<<  without  the  polygons,  the  fait  is  in  coats,  parallel  to  the  tides  of 
<<  the  polygons.”  Uluftration  of  the  Huttonian  Theory,  page  37. 

I  am  informed,  that  the  liliceous  depofition  at  Geyfer,  is  at  firft 
a  porous  friable  mafs,  and  that  the  addition  of  more  molecules  ren¬ 
ders  it  fibrous;  alfo  that,  on  a  farther  addition,  the  fibrous  ltruc- 
ture  difappears,  and  the  whole  aflumes  the  coinpaft  even  texture  of 
chalcedony  or  flint.  If  I  am  not  milin formed,  a  feries  of  fpeci- 
mens  illuftrating  this  traniition,  exilted  iu  the  cabinet  of  the  late 
Dr.  Hutton,  of  Edinburgh. 


ceale 
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ceafe  to  wonder  at  the  almoft  daily  formation  of  petrified  wood, 
(in  which,  though  cryftallization  does  not  actually  take  place, 
a  very  perfeft  arrangement  is  indicated,  by  the  intimate  union 
of  the  (iliceous  particles,)  or  of  hydrophanous  femi-opals  in 
the  decompofed  Terpentine  of  Muffinet,  near  Turin,  or  of 
chalcedony  containing  drops  of  water,  in  the  decompofed  ba- 
fait  of  Vicenza. 

Since  the  cry-  I  have  endeavoured  to  fiiow,  that  in  the  cryftallizations  re- 
ftallizingmay  not  felting  from  ig  neous  fufion,  it  is  not  only  pofiible  but  probable, 
order  of  fufibili- that  the  molt  infufible  lubftances  might  not  be  the  firft  to 
ty,  refraftory  cryftallize;  and  this  appears  to  involve  important  confequences, 
be  impreffeTby  f°r  Partly  removes  one  of  the  greateft  difficulties  that  embar- 
fuch  as  are  more  raffes  the  igneous  theory,  by  explaining  the  poflibility  of  re¬ 
fractory  fubftances  generated  by  fire  being  impreft'ed  by  the 
forms  of  more  fufible  ones.  It  feems,  however,  that  the  fame 
order  of  arrangement  would  prevail  in  fubftances  that  were 
fufpended  in  a  fluid  medium,  as  the  degrees  of  attraction  would 
be  the  fame.  In  either  cafe,  the  firft  flep  by  which  the  arrange¬ 
ment  of  an  apparently  homogenous  mafs  commenced,  would 
probably  be  the  accumulation  of  particular  molecules  into  little 
globules.  Such  feems  to  have  happened  in  variolites,  and  other 
rocks  which  contain  fpherical  concretions  of  a  different  nature 
from  their  balls.  Still  farther  advanced  is  the  arrangement  of 
porphyries  :  the  molecules  of  one  fpecies  have  affirmed  a  regular 
cryftalline  form  ;  and  fometimes  two  or  even  more  varieties  o 
cryftals  are  formed,  which  remain  unmixed  in  the  unarranged 
bafis.  If  the  remaining  molecules  of  that  bafis  are  fufceptible 
of  cryftallization,  it  may  be  fairly  concluded,  that  an  extenfion 
of  the  procefs  of  arrangement  would  convert  the  porphyry  into 
granite,  or  at  leaft  into  one  of  the  compound  aggregates  of 
cryftals  which  conftitute  the  numerous  tribes  of  granites,  grun- 
fteins,  and  fienites  ;  and  it  feems  equally  probable  that  this 
might  be  accomplifhed,  whether  the  molecules  were  indebted 
to  a  fuitable  temperature,  or  to  an  aqueous  medium,  for  the 
requifite  facility  of  movement. 

Granites  and  The  formation  of  granite  and  other  rocks,  muft  however  be 
porphyry.  referred  to  the  ultimate  perfection  of  cryftallization,  by  which 
all  the  molecules  have  been  permitted  to  arrange.  Thofe  gra¬ 
nites  called  porphyritic,  in  which  large  cryftals  of  feldfpar  are 
imbedded  in  a  bafis  compounded  of  the  ordinary  ingredients  of 
granite  in  fmall  grains,  are  apparently  generated  from  a  men- 
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ltraum  in  which  the  molecules  of  one  fpecies,  being  greatly 
predominant  in  number  to  the  reft,  are  thefirft  to  exercife  their 
polarity,  and  conftitute  large  cryftais,  which  are  afterwards  fur- 
rounded  by  fmaller  ones,  refulling  from  the  fucceflive  fepara- 
tions  of  the  remaining  elementary  molecules. 

The  changes  of  the  fubftance  that  led  to  the  foregoing  re-  The  paflage 
marks,  ferve  to  (how  that  they  are  not  altogether  hypothetical ; from  the  vitreous 
and  any  proof  that  may  appear  deficient,  feems  to  be  provided  from^hat^o^he* 
by  the  phenomena  exhibited  by  lavas,  in  which  may  be  obferved  porphyritic,  and 
every  ftep  of  the  paflage  from  the  vitreous  to  the  ftony,  from 
that  to  the  porphyritic,  and  finally  to  the  granitic  ftate.  The  obfervablc  in 
lava  of  Lipari,  which  palTes  from  glafs  to  lava,  by  the  genera- iava3‘ 
tion  of  minute  globules,  may  be  cited,  on  the  autliority  of  Spal¬ 
lanzani,  as  an  inftance  of  the  commencement  of  the  procefs  of 
arrangement;  *  and,  were  not  their  origin  ftill  difputed,  I  might 
alfo  cite  the  pitchftone  lavas  of  the  Euganean  hills.  It  would 
appear,  that  the  tranlition  from  the  ftony  to  the  porphyry  tic 
ftate  is  rapid,  for  perfectly  homogeneous  lavas  are  among  the 
rareft  of  volcanic  products.  The  porphyritic  lavas  are  moft 
numerous ;  and  it  is  needlefs  to  detail  the  varieties  they  prefen  f. 

*  Spallanzani,  Viaggi  allc  due  Sicilie.  ’Tomo  Secondo ,  page  23S. 

The  whole  pafTage,  literally  tranflated,  (lands  thus  :  u  This  lava 
44  has  a  bafis  of  feldl’par,  of  a  fine  and  compact  grain,  a  fplintery 
“  fra6lure,  rough  to  the  touch,  and  emitting  fparks,  like  flint, 

44  when  flruck  with  fleel.  It  has  an  afli  colour,  in  fome  places  ap- 
“  proaching  to  a  leaden  colour.  It  is  thickly  filled  with  an  immen- 
“  fity  of  little  bodies,  which  would  be  ditlinguifhed  with  difficulty, 

<(  from  the  refemblance  of  their  colour  to  that  of  their  bafis,  were 
“  it  not  for  their  globular  form.  But  this  lava  is  joined  to  a  great 
“  mafs  of  glafs,  which  forms  a  whole  with  it,  without  any  divilion 
44  or  reparation  between  them;  and  this  lava,  which  in  many  places 
<c  retains  its  own  nature,  is  in  many  other  places  reduced  to  glafs. 

“  Some  parts  of  this  glals  are  filled  with  the  fame  little  bodies,  hut 
44  other  parts  are  pure  glafs.  This  is  in  general  very  compact,  has 
44  a  dead  black  colour,  and  breaks  rather  into  irregular  pieces  than 
“  into  undulated  fragments,  as  glaTs  properly  does.  Befides,  it  has 
te  I  know  not  what  of  un£luofity  to  the  touch,  and  to  the  eye, 

44  which  is  not  perceptible  to  the  more  perfect  volcanic  glades.  It 
4(  yields  fparks  with  fleel,  like  the  lava;  but  the  lava  is  wholly 
“  opaque,  and  the  glafs,  at  the  angles  and  thin  edges,  has  confider- 
44  able  tranfparency.  It  is  only  opaque  where  the  globules  are, 

“  which  appear  to  be  particles  ot  lava.” 

But, 
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Volcanic  £lafi* 


Peculiar  bodies 
may  be  afforded 
bv  this  method 

of  reparation. 

* 


The  facts  and 
dodfi  ines  here 
given  will  not 
affedd  the  quef- 
tion  of  the  >gne 
ous  or  aqueo  is 
formation  ol 
bafalt* 


But,  though  the  procefs  of  arrangement  has  often  only  advanced 
thus  far,  it  has  in  many  in  (lances  proceeded  much  farther,  and 
it  is  by  no  means  unufual  to  find  the  entire  bafis  regularly  ar¬ 
ranged  into  cryfialline  bodies;  thus,  to  cite  a  well  known  in- 
ftance,  in  many  of  the  ancient  lavas  of  Somma,  large  augites 
are  imbedded  in  a  cryfialline  mafs,  formed  ot  minute  cryftals  ot 
le ucil e,  togellier  with  another  cryfialline  lubfiance,  whole  na¬ 
ture  is  not  perfc&ly  determined. 

[  lie  cafual  occurrence  of  volcanic  glafs  is  nowile  at  variance 
with  this  account,  as  it  is  fufiicienlly  probable,  that  tome  glades 
may  have  a  much  greater  tendency  to  cryfialline  arrangement 
than  others  poflefs;  and  it  cannot  appear  extraordinary,  that 
regular  cryftals  fhould  fometimes  be  generated,  even  in  the 
glafs,  as  it  is  a  matter  of  daily  occurrence  in  artificial  glafles, 
and  in  furnace  Hags. 

If  the  diftin&ion  attempted  to  be  fliown  between  igneous 
fution  and  folution  be  eftabliflied,  it  may  offer  a  means  of  ac- 
counting  for  the  abundance  of  peculiar  bodies  in  lava,  which  do 
not  exift  in  other  fttualions,  or  at  leaft  are  of  extremely  rare 
occurrence.  For,  if  the  igneous  action  decompofes  the  molecules 
of  the  fubftances  on  which  it  operates,  there  feems  every 
probability  that  new  compounds  may  refult,  difiimilar  to  any 
fubftances  we  are  acquainted  with.  It  would  appear,  that  the 
necethty  of  imagining  an  undifeovered  firatum  abounding  in 
leucites,  chryfolites,  and  augites,  may  be  difpenfed  with;  and, 
as  I  have  endeavoured  to  (how  the  probability  that  the  molt 
infufible  fubftances  will  not  be  the  firft  to  cryftallize,  the  pene-. 
tration  of  refractory  leucites  by  fufible  augites,  will  ceafe  to  be 
an  argument  againfi  both  being  generated  in  the  lava.  I  may 
alfo  obferve,  that  the  fame  caufes  which  vary  the  cryfiallized 
bodies  refulting  from  igneous  folution,  mult  operate  upon  the 
unarranged  bafis;  and  that  the  fame  rock  may  be  fufed  into 
lavas  extremely  difiimilar,  as  their  varieties  muft  depend  on 
the  degree  of  folution  which  the  fution  has  accomplilhed.* 

If  the  analogy  attempted  to  be  fliown  between  the  aqueous 
and  igneous  formation  appear  founded,  the  tranfition  from  glafs 

to 

*  The  evidence  of  the  generation  of  leucites  in  the  lava  which 
contains  them,  colled  by  Leopold  de  Buch,  and  Breiflac,  and 
finally  acquiefced  in  by  Doloniieu,  appears  fo  fatisfa&ory,  that  it 
can  hardly  be  deemed  prefumptuous  to  aflume  the  point  as  deter¬ 
mined. 
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to  done  can  no  way  affeCt  the  great  quedion  which  has  fo  long 
divided  geologids,  about  the  origin  of  batalt;  for  though  it  is 
fynthetically  demonftrated  that  bafalt  may  be  formed  by  fire, 
the  converfe  of  that  proportion  ftands  fupported  bv  llrong  ana¬ 
logical  arguments,  and  its  formation  by  water  muff  be  allowed 
to  be  at  leaft  equally  poffible.  How  far  the  probabilities  derived 
from  the  examination  of  bafaltic  formations  may  influence  the 
ultimate  decifion,  is  an  enquiry  in  which  I  fhall  not  now  engage; 
though  1  cannot  avoid  recalling  to  my  mind,  tiie  numerous 
in  dances  of  petrifactions  found  in  bafalt,  and,  as  a  counterpoife 
to  that  obfervation,  the  equally  numerous  inftances  in  which 
tlie  heat  emanating  from  it  appears  to  have  indurated  flrala, 
and  coaked  beds  of  coal.  One  remark  may  be  dated  here  with 
propriety,  as  it  arifes  immediately  from  the  experiment  which 
has  occafioned  theie  observations.  In  the  ultimate  refult  of 
that  experiment,  the  arrangement  of  the  molecules  was  much 
more  perfedl  than  in  the  original  rock.  It  might  be  fuppofed, 
that  a  longer  continuance  of  the  fui table  temperature  was  af¬ 
forded  it.  This,  however,  could  not  be,  for  the  mafs  was  only  Why  fo  little  of 

a  few  feet  long,  and  a  few  inches  thick  ;  the  fire  was  only  cr>^alll5atl“n 

J  appears  in  the 

maintained  a  day  ;  and  the  whole  was  cooled  in  a  week.  But  itrufture  of 
the  hill  of  folid  bafalt,  from  which  the  fubfiance  operated  upon  Da*alu 
was  taken,  is  fevcral  miles  long,  and  ieveral  hundred  feet  high  ; 
and,  luppofing  it  to  have  been  irrupted  in  a  date  of  igneous 
fufion,  it  muft  have  required  months,  nay  years,  for  its  refri¬ 
geration.  How  then  comes  it,  that  the  procefs  of  cryftallization 
is  fo  little  advanced  ?  How  comes  the  confuflon  of  its  texture 
to  indicate  the  very  reverfe  of  the  tranquillity  and  perfection 
of  arrangement,  which  may  be  fairly  aifumed  as  necedarily 
attending  the  extremely  gradual  changes  of  fo  immenfe  a 
mafs  ? 

This  objection  admits  of  being  obviated,  upon  the  fuppodtion  Probably  becaufc 
that,  in  the  procefs  of  melting,  the  molecules  of  the  bafalt  fonned°6 
were  decompofed;  and  that  the  new  ones  generated  were  more  difpofed  ta 
more  difpofed  to  crydallize  than  thole  whole  place  they  tup- 
plied.  This  explanation  is  in  lome  degree  judified,  by  the 

mined.  Neither  de  Buch  nor  Dolomieu  have  been  able  to  con¬ 
vince  themfelves  that  the  augites  werealfo  formed  in  the  lava;  but 
I  confefs  myfelf  entirely  unable  to  appreciate  the  cogency  of  their 
arguments,  which  feem  annihilated  by  the  admiffion  they  have  made 
in  favour  of  leucites. 
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The  divifion  of 
bafalt  into  glo¬ 
bular  mafTes 
during  its  de- 
compufition,  in 
dicates  the  for¬ 
mation  of  radi¬ 
ated  fpheroids 
therein  ; 


and  thefe  may 
iuve  naturally 
formed  the  ba- 
faltic  columns. 


total  difappcarance  of  the  minute  fieldfpar  and  hornblende  of 
of  the  batalt ;  infiead  of  which,  the  regenerated  ftone  contains 
thin  laminae  of  crvftals,  which  are  probably  augites. 

I  cannot  leave  this  lubjecl  without  noticing  tome  particulars, 
in  which  theprocefs  of  arrangement  defcnbed  in  the  early  part 
of  this  letter,  appears  to  yield  a  probable  explanation  of  fome 
of  the  peculiarities  of  bafalt.  The  general  dilpofition  of  batalt 
to  divide  into  globular  m  a  ties,  in  decompofing,  is  too  re¬ 
markable  a  fact  to  have  eleaped  the  attention  of  naturahfis ; 
though,  as  far  as  I  am  informed,  no  fatisfadtory  explication  of 
it  has  been  given.  The  common  efte&s  of  decompofition  are 
obvioufly  inadequate ;  for  it  is  common  to  fee  a  large  block  of 
amorphus  bafalt  feparate  into  numerous  balls,  after  a  few 
months  or  years  expofure  to  the  weather  ;  and,  rapid  as  the 
procefs  of  decompofition  has  been  in  the  intervening  portions, 
thefe  balls  refift  its  father  progrefs  with  uncommon  obfiinacy. 
May  not  this  be  attributed  to  the  formation  of  the  radiated 
fpheroids,  whofe  occurrence  in  my  experiment  I  have  already 
mentioned?  and  may  not  their  greater  refinance  of  weather 
{imply  arife  from  their  aggregation  being  more  perfect  than 
that  of  the  incoherent  molecules  which  have  filled  the  intervals 
between  them  ?  Though  the  radiated  firu&ure  has  diiappear- 
ed  to  the  eye,  thefe  portions  of  the  ftone  retain  the  fupe- 
riority  of  more  perfed  internal  arrangement ;  and,  if  my 
pigmy  experiments  could  yield  fpheroids  of  two  inches  dia¬ 
meter,  there  can  be  no  difficulty  in  fuppofing  that  the  grand 
operations  of  nature  may  produce  them  of  feveral  feet.  The 
feparation  of  the  decompofed  fragments  in  concentric  coats, 
feems  eafily  explained;  for  I  have  already  pointed  out  the  fa¬ 
cility  with  which  the  radii  of  the  fpheroids  feparated  at  nearly 
the  fame  difiances  from  their  centres,  and  the  form  of  the 
fragments  which  refulted,  refembling  fragments  of  bombs.  * 

If  this  idea  be  not  conti dered  as  entirely  diverted  of  plaufibi- 
lity,  I  may  venture  to  extend  the  fame  principle,  to  account 
for  the  wonderful  regularity  of  the  prifmatic  configuration  of 

*  Even  granite  has  been  frequently  obferved  to  afTed  globular 
decompofition,  and  divifion  into  fragments  of  concentric  coats. 
This  mode  of  decompofition  extends  to  many  fubftances,  that  Wer¬ 
ner  has  called  the  formation  it  feems  to  indicate,  “  abgefonderte 

jiucke which  has  been  rendered  in  Englifh,  dtjHntt  concretions. 

% 
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bataltic  columns,  and  alfo  for  their  articulations.  If  vva  fup*  Enumeration  of 
pofe  that  a  mats  o(  fluid  balalt  has  filled  a  valley  to  an  indefi-  and  C1I~ 
mte  depth  and  extent,  the  procefs  ot  arrangement  in  its  parti¬ 
cles  murt  be  induced  by  the  removal  of  its  heat  or  moiflure, 
according  as  its  folution  is  igneous  or  aqueous.  This  can  only 
be  done  by  the  action  of  the  atmofphere  on  its  upper  furface, 
and  by  the  ground  on  which  it  repoles  abforbing  the  heat  or 
moiflure  from  its  under  furface.  From  the  variations  of  the 
atmoiphere,  its  a6tion  muft  be  irregular ;  and,  from  the  per¬ 
petual  change  of  the  parts  in  contact  with  the  heated  or  moifl 
furface,  its  operations  will  always  be  nearly  as  active  as  at  firft, 
allowance  being  made  for  its  variations.  But  the  ablorption  of 
the  ground  will  be  regular,  and  regularly  diminifhing  in  adtivity, 
in  proportion  as  the  parts  near  the  mafs  approach  nearer  to  the 
fame  temperature,  or  fame  moiflure,  with  the  mafs  above ;  and 
its  abforptions  can  only  be  carried  on  by  its  tranfmiflion  of 
heat  or  moiflure  to  the  folid  ro'cks  below.  From  thefe  confi- 
derations  itfeems  evident,  that  the  arrangement  of  the  part  of 
the  bafalt  near  the  ground,  will  be  begun  with  more  energy 
than  it  can  be  continued,  and  that  the  refults  will  be  more 
flow  and  regular  than  the  arrangement  induced  by  the  perpe¬ 
tual  though  variable  a&ion  of  the  atmofphere.  After  the  firfl  i.  Radiated 
flage  in  the  procefs  of  arrangement  has  been  performed,  and  ^r^h^g^ound^ 
a  ftratum,  if  I  may  fo  term  it,  of  the  jalpedeous  fubflance  ex¬ 
tended  over  the  furface  of  the  ground,  there  feems  noreafon  to 
doubt  that  a  humber  of  radiated  fpheroids  would  be  generated 
in  it,  which  wrould  probably  have  all  their  centres  about  the 
fame  diflance  from  the  ground  ;  and,  as  the  arranging  pow’er 
undergoes  a  gradual  diminution  of  energy,  it  is  not  probable 
that  two  row's  in  height  of  them  thould  be  formed  at  once,  as 
that  would  indicate  a  hafly  procefs,  which  had  prepared  a 
greater  mafs  of  matter  for  their  almofl  fimultaneous  formation. 

From  thefe  confiderations,  there  feems  no  improbability  in  fup- in  one  layer, 
pofing,  that  in  the  arrangement  of  a  mafs  of  fluid  bafalt,  a 
Angle  layer  of  radiated  fpheroids  would  be  formed,  repofing 
on  the  ground  which  fupported  the  mals. 

I  have  already  Fated,  that  when  the  radii  of  twro  fpheroids  2.  Thefe  would 
came  into  contad,  no  penetration  enfued,  but  the  two  bodies 
became  mutually  comprefled,  and  feparated  by  a  plane,  well  places  of  fide 
defined,  and  inverted  with  a  rurty  colour.  I  alfo  rtaled,  thatcontaa> 
when  feveral  fpheroids  encountered,  they  formed  one  another 

4.  into 
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into  prifms  with  well  defined  angles.  In  a  firatum  eompofed 

of’  an  indefinite  number  in  luperficial  extent,  but  only  one  in 

height,  of  impenetrable  fpheroids  with  nearly  equidifiant 

centres,  if  their  peripheries  (hould  come  in  contact  on  the 

fame  plane,  it  feems  obvious  that  their  mutual  adtion  would 

aod  other  fphe-  form  them  into  hexagons ;  and,  if  theie  were  refilled  below, 

roids  formed  and  there  was  no  oppofing  caufe  above  them,  it  feems  equally 
above  them  ,  ,  ,  ,  ,  *. 

would  produce  clear,  that  they  would  extend  their  dimenfions  upwards,  and 

articulated  co-  thus  form  hexagonal  prifms,  whofe  length  might  be  indefi¬ 
nitely  greater  than  their  diameters.  The  farther  the  extremi¬ 
ties  of  the  radii  were  removed  from  (he  centre,  the  nearer 
would  be  their  approach  to  parallelifm  ;  and  the  ftrudlure 
would  be  finally  propagated  by  nearly  parallel  fibres,  (fill 
keeping  within  the  limits  of  the  hexagonal  prilm  with  which 
their  incipient  formation  commenced;  and  the  prifms  might 
thus  fiioot  to  an  indefinite  length  into  the  undifiurbed  central 
mafs  of  the  fluid,  till  their  firudlure  was  deranged  by  the 
luperior  influence  of  a  counteradling  caufe,  which  would  be 
provided  by  the  adtion  of  the  atmofphere  on  the  upper 
lurface  of  the  bafalt.  If  this  arrangement  exifted,  the  fame 
caute  that  determined  the  concentric  fractures  of  the  fibres 
of  the  fperoids,  would  produce  convex  articulations  in  the 
lower  joints  of  the  prifms ;  and,  in  proportion  as  the  centre 
from  which  they  were  generated  became  more  remote,  the 
articulations  would  approximate  to  planes.  It  the  gene¬ 
rating  centres  were  not  equidiftant,  the  forms  of  the  pillars 
would  be  irregular ;  and  the  irregularity  would  be  in  propor¬ 
tion  to  the  diverfity  of  diflance  between  the  centres.  If  the 
difference  was  great,  the  number  of  lides  would  be  altered, 
and  they  might  be  found  pentagonal,  tetrahedral,  and  trihedral. 
As  the  compreiTion  of  the  fibres  would  be  greatefi  in  the  level 
of  the  generating  centres,  the  lower  part  of  the  prifms  would 
be  moft  compact. 

The  fads  at-  All  thefe  conditions  feem  to  be  fulfilled,  in  the  aclual  con¬ 
tending  the  pro-  formation  ot  bafaltic  columns;  for,  in  every  infiance  I  am 
du&ion  of  bafal-  ......  ,  ,  J  r 

tic  columns  agree  acquainted  with,  they  appear  to  have  been  formed  in  the 

with  the  fore-  tranquil  bofom  of  the  mafs,  as  they  have  been  originally  mafk- 
ed  by  amorphous  trap,  and  their  prifmatic  ftrudlure  is  only 
difplayed  by  the  removal  of  this  covering.  This  has  been 
varioufly  effected,  lometimes  by  the  apparent  difrupture  of 
rocks,  lometimes  by  the  exterior  portions  of  the  mafs  being 

thrown 


gortig. 
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thrown  down  by  (he  failure  of  the  ground  on  which  it  flood, 
fometimes  by  the  violence  of  the  waves,  and  not  unfrequently 
by  the  working  of  quarries.  In  mofl  inflances,  thefe  operations 
have  only  removed  the  covering  from  one  fide  of  the  colonnade; 
and  it  remains  crowned,  and  generally  furrounded,  by  an 
immenfe  amorphous  mafs.  Where  there  are  two  ranges  of 
columns,  with  an  intervening  amorphus  ffratum,  it  is  probable 
that  the  upper  is  the  refult  of  a  l'econd  inundation  of  fluid 
bafalt.  It  is  well  known  that  bafaltic  columns  are  mod  fblid 
at  the  bottom  ;  and  their  convex  articulations  have  been  re¬ 
peatedly  obferved.  Since  thefe  confi derations  occurred  to  me, 

I  have  had  no  opportunity  of  examining,  whether  the  divifions 
approach  nearer  to  the  plane  furfaces  as  they  recede  from  the 
centre  from  which  the  prifms  was  generated,  nor  whether 
below  that  centre  the  convex  furface  of  the  articulations  is 
inverted  ;  but  I  think  it  by  no  means  improbable,  that  fubfe- 
quent  obfervations  may  edablidi  this  to  be  the  cafe,  and  thus 
confer  on  this  hypothefis  nearly  all  the  demonftration  of  which 
it  is  fufceptible.  I  may  however  add,  that  the  phenomena  Bafaltic  veins, 
of  prifmatic  divifion  in  bafaltic  veins,  perfectly  coincide  with 
what  might  be  inferred  from  the  data  upon  which  my  reafoning 
has  proceeded.  In  veins,  it  is  obvious  that  the  refrigerating 
or  abforbing  caufe  mud  operate  with  nearly  equal  force  on 
each  dde  of  the  vein  ;  and  it  follows,  that  two  fets  of  prifms 
would  be  'generated,  which  would  be  horizontal  inftead  of 
perpendicular,  arid  that,  unlefs  a  mafs  of  amorphous  bafalt 
was  interpofed  between  them,  they  muff  iorm  a  divifion  in 
the  middle  of  the  vein,  as,  from  the  mutual  impenetrability 
of  their  fibres,  they  could  not  incorporate.  The  coincidence 
of  the  exifting  phenomena  with  thefe  conclufions,  is  diffid¬ 
ently  remarkable;  for,  in  numerous  obfervations  1  have  made 
on  the  bafaltic  veins  which  effed  the  prifmatic  configuration, 

I  found  the  prifms  were  always  horizontal,  and  often,  that 
there  were  two  ranges  of  them.  One  of  their  ends  applied 
to  the  wall  of  the  veins,  the  other  frequently  united  to  an 
amorphous  mafs  which  leparaled  them;  and,  when  no  fuch 
intermedium  occurred,  there  was  invariably  a  divifion  in  the 
middle  of  the  vein.  Not  unfrequently,  the  veins  contain  three 
fets  of  prifms ;  a  range  of  finall  ones  on  each  fide,  and  of 

much  larger  ones  in  the  middle.  In  tins  cafe,  the  little  prifms 

are 
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Thcfe  deduc¬ 
tions  do  not 
fuppofe  either 
the  aqueous  or 


;ire  always  feparated  from  the  large  ones,  and  the  divifions  ot 
the  large  ones  are  very  irregular.  * 

After  the  ftatement  of  my  opinion,  that  perfeft  fimilarity  of 
ftructure  may  exift  in  the  products  ot  aqueous  and  igneous 

^ _ o  _  formation,  it  will  hardly  be  necelfary  to  conclude  thele  obfer- 

jgneous  forma-  vations  with  remarking,  that  I  lhould  not  conlider  the  ellab- 
to'be^ftabh flied J' dim ent  of  thefe  peculiar  modes  of  arrangement  as  the 
llighteft  demonftration  of  the  igneous  origin  of  bafalt.  It 
appears  to  me,  that  the  truth  of  my  deductions  is  entirely 
independent  of  either  theory,  and  that,  if  ever  the  period 
fhould  arrive  when  the  origin  of  bafalt  (hall  be  determined 
by  irrefragable  demonftration,  the  inferences  I  have  drawn 
mav  be  accommodated  with  equal  facility  to  either  mode  ot 
agency.  \ 


*  The  obfer vations  alluded  to  were  made  during  the  courfe  of 
Iaft  fummer  (1803),  on  the  very  numerous  bafalt  veins,  or,  as 
they  are  there  called,  Whin  Dykes,  which  traverfe  the  red  fand- 
ftone  and  red  fandltone  breccia,  which  forms  the  greated  part  of 
the  coaft  of  the  Firth  of  Clyde,  between  Greenock  and  the  Largs. 

f  Mr.  Keir,  in  his  paper  on  the  crydallizations  formed  in  glafs, 
fuggefts  the  probability  of  bafaltic  pillars  being  formed  by  the  cryf- 
tallization  of  vitreous  lavas.  See  Philofophical  TranfaClions  for 
1776,  Vol.LXVI.  page  530. 

Dolomieu  was  of  opinion,  that  the  prifmatic  form  was  peculiar 
to  lavas  which  had  flowed  into  the  fea  j  and  he  attributed  it  to  the 
fhrinking  of  the  mafs  :  his  defcription  of  the  appearances  exhibited 
by  what  he  calls  the  prifmatic  lavas  at  the  foot  of  Etna,  merits 
quotation. 

“  In  the  lavas  of  Etna,  the  form  and  dimenfions  of  the  columns 
vary  as  much  as  the  manner  in  which  they  are  grouped  ;  hexaedral 
and  pentaedral  prifms  are  molt  abundant ;  then  the  tetraedral,  the 
triedral,  heptaedral,  and  oftaedral.  The  lead  I  have  feen  are  only 
four  inches  diameter;  others  are  more  than  three  feet;  they  are 
commonly  of  a  fingle  fhoot,  which  is  lbmetimes  60  feet  high; 
others  are  divided  by  articulations,  which  are  from  one  to  fix  feet 
afunder. 

“  1  have  more  than  once  obferved  a  larse  column  divide  into 
fevcral  fmaller  in  its  upper  part.  The  columns  are  generally  larger 
near  the  top  than  the  bottom  of  the  dream  of  lava,  becaufe  they 
fubdivide ;  and  they  are  always  lead  in  that  part  of  the  dream  of 
lava  which  fird  entered  the  water,  the  refrigeration  being  more 
*  prompt. 
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T  he  immenfe  magnitude  oF  fome  bafaltic  columns*  the  ex-  Other  rocks  atfo 
treme  regularity  of  their  prifmatic  configuration,  and  the  i^nar^orm* 
peculiar  firudure  of  their  articulations,  have  directed  the  at¬ 
tention  of  naturalifts  to  them,  much  more  than  to  any  of  the 
other  rocks  which  affe<51  the  columnar  form.  Yet  many  of 
thefe  are  lufficiently  remarkable  to  deferve  more  particular 
notice  than  has  generally  been  paid  to  them  ;  and  they  afford 
moft  illuftrative  proof,  that  this  configuration  is  not  confined 
to  either  the  aqueous  or  igneous  formation  ;  for  fome  lavas, 
univerfally  allowed  to  be  fuch,  are  prifmatic.*  Columns  of 

porphyry 

prompt,  and  its  effefts  more  marked.  Sometimes  the  columns  are 
placed  perpendicularly  fide  by  fide,  and  form  vertical  walls,  which 
are  fometimes  more  than  100  feet  high,  and  a  league  long;  fome- 
times  they  are  heaped  obliquely,  horizontally,  and  in  all  pofitions. 

Some,  without  being  divided  in  their  length,  are  larger  at  one  end 
thaa  the  other;  and  then  they  are  arranged  like  wood  piled  up, 
with  all  the  fmall  ends  at  one  fide;  fumetimes  they  are  formed  into 
pyramidal  bundles,  by  parting  from  a  common  center  ;  and,  finally, 
there  are  fome  which,  by  their  reunion,  form  large  balls.  Thefe 
radii  of  lava,  which  are  rather  pyramidal  than  prifmatic,  refemble 
thofe  of  the  globular  pyrites,  ftriated  from  the  center  to  the  cir¬ 
cumference,  which  are  found  in  the  chalk  of  Champagne. 

“  On  the  fliore  of  la  Trezza,  near  the  mole,  there  is  a  very 
curious  group  of  little  articulated  prifius,  which  ilfue  from  a  com¬ 
mon  center,  and  form  fafciculi  fingularly  twifted.  The  articula¬ 
tions  are  marked,  but  the  fpecies  of  vertebrae  do  not  feparate.  In 
the  heart  of  the  mountain  on  which  itands  the  Caftelio  di  Jaci, 
there  are  large  balls,  from  two  to  four  feet  in  diameter,  refembling 
in  form  the  large  pyrites  in  the  chalk  of  Champagne.  Thefe  balia 
of  lava  are  formed  of  pyramidal  columns,  united  by  their  points 
in  a  common  center.”  Catalogue  des  Laves  de  LEtna,  page  453. 

The  divifion  of  the  upper  part  of  bafaltic  columns  into  feveral 
fmaller  ones,  has  alio  been  obferved  in  the  bafaltic  columns  of 
Fairhead,  by  Dr.  Richardl'on.  See  Nicholfon’s  Journal,  4to, 

Vol.  V.  page  321. 

*  Almoft  all  the  prifms  at  the  foot  of  Etna,  defcribed  by  Dolo- 
mieu,  are  of  dubious  origin  ;  moft  of  them  are  probably  bafalt. 

The  columns  of  the  Vincentine  are  of  the  fame  fubftance,  and  fa 
are  the  prifmatic  lavas  of  Auvergne,  and  of  the  Vivarais.  The 
bed  of  lava  at  la  Scala,  near  Portici,  is  divided  by  vertical  fiffures, 
which  give  it  the  aipecl  of  irregular  columns.  At  Aquapendente, 
in  a  quarry  of  undoubted  lava,  near  the  road,  are  fome  much  more 

Vol,  X.— March,  1805.  N  perfeft 
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filex,  argilla 
ceous  fchiftus, 
rubble  Hate, 
limcftone,  See. 


Inftances:  Por-  porphyry  are  not  rare  ;  and,  among  other  places,  arc  found 
phyry>  perio-  near  Drefden,  feveral  feet  in  length,  and  not  more  than  two 
inches  in  diameter.  Columns  of  pctrofdex  compofe  a  large 
portion  of  a  mountain  near  Coniftone  lake.  V  cry  perfect 
quadrangular  prifms  of  argillaceous  fchiftus  are  found  near 
Llamvrft.  Rubble  flatc  allumes  the  columnar  form  at 
Barmouth.  The  limeflone  near  Cylartha,  in  Glamorgan- 
(hire,  is  divided  into  very  regular  acute  rhomboidal  priims : 
even  the  fandllone  of  the  fame  diflrict  is  not  unfrequently 
columnar ;  and  one  of  the  beds  of  gypfum  at  Montmartre 
is  diftin&Iy  divided  into  pretty  regular  columns.  Sandftone, 
clay,  argillaceous  iron  ore,  and  many  other  fubftances, 
become  prifmatic  by  torrefa6tion ;  and  the  prifms  of  ftarch 
formed  in  drying  have  often  been  confidered  as  illuftrative  of 
bafaltic  formations. 

1  am  very  far  from  conceiving,  that  all  thefe  configurations 
are  influenced  by  fuch  fy Hematic  arrangements  as  have  deter- 
tembling  thefe,  mined  the  form  of  tome  bafaltic  columns.  I  confider  mod  of 
Vut  lefs  regular.  tj)cm  as  folely  attributable  to  contraction;  which  is  only  a 
farther  extenfion  of  the  aggregative  force,  and  muff  be  regu¬ 
lated  bv  the  texture,  the  form,  and  the  pofition  of  the  mafs. 
Where  the  texture  of  the  mafs  is  homogeneous,  and  its  con¬ 
tractions  uniform,  its  dimenfions  may  be  diminithed,  without 
its  continuity  being  deftroyed,  provided  its  aggregation  be  fo 
ftrong  as  to  overcome  the  vis  inertia;  of  the  mafs,  and  its  ad- 
Devetopemcnt  of  hefion  to  other  fubflances.  But,  when  the  reiiftance  is  fuffi- 
the  effetts  ot  cient  to  overcome  the  aggregation,  the  mafs  will  be  rent  by 
producing  fym-  fiflures  perpendicular  to  the  direction  in  which  the  greateft:  re¬ 
nte  tm  trattures.  finance  to  its  coni ra&ion  takes  place,  or,  in  other  words,  by 
fiflures  perpendicular  to  its  greateft  furface  :  for  it  is  from  the 
extremities  of  the  greateft  furface,  that  the  largeft  quantity  of 


Mere  contrac¬ 
tion  may  pro¬ 
duce  effedts  re- 


perfeft  prifms ;  but  the  molt  beautiful  I  have  feen,  are  the  fm all 
ones  from  Pon/a.  The  columns  at  Bollena  are  faid  to  be  bafalt. 
Thofe  of  the  Euganean  hills  aie  very  iiTegular  in  form;  in  their 
texture  they  are  certainly  wholly  unlike  granite,  which  Mr. 
Strange  thought  they  reiembled.  1  believe  them  to  be  lava. 

The  mention  of  fome  columnar  formations  that  follows,  is  by 
no  means  intended  as  an  enumeration  of  them.  I  have  confined 
myfelf  to  thofe  which  I  have  either  ini'pe&ed  in  their  natural  fixa¬ 
tion,  or  of  which  I  have  feen  numerous  fpeciinens. 
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matter  mud  traverfe  the  greateft  (pace,  in  order  that  the  con¬ 
traction  may  be  performed  without  breach  of  continuity  ; 
therefore,  if  it  be  an  extent! ve  tabular  mafs,  it  will  be  divided 
into  prifms,  by  filfures  perpendicular  to  its  furfaces.  The 
power  of  aggregation  would  determine  thefe  prifms  to  be 
hexagonal,  as  that  form  contains  the  greateft  quantity  of 
matter  in  the  leaft  turface,  of  any  prifms  that  can  be  united 
without  interpofing  prifms  of  other  forms.  But  this  would 
require  the  texture,  the  contraction,  the  thicknefs  of  the 
mafs,  and  its  adlreiion  to  furrounding  fubftances,  to  be 
every  where  precifely  the  fame  ;  and,  as  thefe  conditions 
can  never  be  fulfilled  in  an  extcnlive  formation,  all  the  irregu¬ 
larities  that  are  found  muft  necetfarily  enfue.  The  fame  rule 
that  determines  the  fi (fares  of  a  tabular  mats  to  be  perpendicular 
to  its  furfaces,  muft  determine  the  rents  in  a  fpheroid  to  be 
directed  from  its  periphery  to  its  centre. 

Though  thele  confiderations  may  be  fufficient  to  explain  the  They  do  not  ac 
tendency  to  divifion  into  prifms,  which  is  fo  generally  extend-  foiis^o/* 
ed,  and  which  has  produced  many  of  thofe  abortions  that  bafaltes, 
have  been  dignified  with  the  name  of  columns,  becaufe  they 
have  occurred  in  lavas  and  in  rocks  of  trap  formation,  they 
are  utterly  inadequate  to  illuftraling  the  formation  of  the 
more  perfect  balaltic  prifms  :  they  offer  no  means  of  accounting 
for  the  extreme  regularity  of  the  tides  and  the  precifion  of 
the  angles,  for  the  articulations,  for  the  clofe  contaCt  in  which 
the  perfeCt  columns  are  placed  to  one  another,  not  for  their 
mutual  adhefion,  which  is  fo  ftrong,  that  it  often  requires 
confiderable  violence  to  feparate  them.  Thefe  fads  are  in 
abfolute  contradiction  to  all  idea  of  retreat  or  contraction,  and 
feem  to  me  to  coincide  perfectly  with  the  explanation  of 
their  origin  which  I  have  already  prefumed  to  lay  before 
you. 

I  have  the  honour  to  be,  &c. 

GREGORY  WATT. 
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Improved,  Conjlruftion  of  VVoulve’s  Apparatus,  By  W.  B. 

To  Mr.  NICHOLSON. 


SIR, 


improvement  in  JLvery  one  who  lias  been  in  the  habit  of  ufing  a  Woulfe’s 
Woulte  s  appa-  apparatus,  mud  have  experienced  the  difficulty  of  fixing  the 
tubes  of  communication,  and  the  continual  rifk  of  breaking 
them.  To  obviate  this  inconvenience,  I  would  fugged  the 
following  mode  of  condru£ting  the  apparatus,  which,  if  you 
think  any  improvement  upon  the  prefent  method,  cannot  be 
rendered  more  generally  ufeful  than  by  iniertion  in  your 
Journal. 

I  am.  Sir, 

Your  very  obedient  humbie  fervant, 

W.  B. 

Feb.  5,  1 S05. 


Fig.  1  reprefents  one  of  the  bottles.  The  bent  tube,  ABC, 
being  attached  to  the  outfide  of  the  bottle  when  both  heated, 
and  entering  it  at  C,  may  be  made  as  drong  as  is  thought 
confident  with  neatnefs. 

The  part  H  B  of  the  tube  is  of  a  conical  form,  fmall  enough 
at  A  to  be  inferted  in  a  perforated  cork. 

The  ftiort  tube  D  E,  on  the  oppofite  fide,  is  alfo  of  a  coni¬ 
cal  form,  large  enough  at  E  to  admit  a  perforated  cork. 

The  opening  at  h  being  intended  for  the  tube  of  fafety. 

Fig.  2  reprefents  the  apparatus  put  together,  the  receiver 
being  added  as  of  a  convenient  form  for  conne&ing  with  the 
other  veffels. 

The  fmall  tube  A  B  of  one  bottle,  is  inferted  in  the  perfo¬ 
rated  cork  fitted  to  the  tube  D  E  of  the  preceding  one,  and 
the  joinings  fecured  in  the  ufual  way  by  luting. 

The  tubes  of  fafety  being  firft  fecurely  fixed,  and  the  cork 
clofely  fitted  in  the  tube  D  E,  any  number  of  bottles  may  be 
fucceffively  added,  without  the  lead  rifk  of  deranging  thofe 
that  are  already  conne&cd. 
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VII. 

Observations  on  the  Change  of  fome  of  the  proximate  Principles 
of  Vegetables  into  Bitumen;  icith  Analytical  Experiments  on 
a  peculiar  Subfiance  which  is  found  with  the  Bovey  Coal.  By 
Charles  Hatchett,  Efj.  F.  R.  S.  From  the  Philofophi- 
cal  Tranfaclions  for  1804. 

1 

§  i- 

vJ'XE  of  the  mod  indruftive  and  important  parts  of  geology,  Converfion of 
is  the  dudy  of  the  fpontaneous  alterations  by  which  bodies ?rgaiVzj:d  bodies^ 

r  ,  ..  ,  int0  MIS. 

formerly  appertaining  to  the  organized  kingdoms  of  nature 
have,  after  the  lofs  of  the  vital  principle,  become  gradually 
converted  into  foffil  fubffances. 

In  fome  cafes,  this  converfion  has  been  fo  complete,  as  to  The  degrees  arc 
dedroy  all  traces  of  previous  organic  arrangement ;  but,  invarious* 
others,  the  original  texture  and  form  have  been  more  or  lets 
preferved,  although  the  fubffances  retaining  this  texture,  and 
exhibiting  thefe  forms,  are  often  decidedly  of  a  mineral  nature. 

Some,  however,  of  thefe  extraneous  foffils  (as  they  are  called) 
retain  part  of  their  original  fubftance  or  principles,  whilft  others 
can  only  be  regarded  as  caffs  or  impreflions. 

From  the  animal  kingdom  we  may  deleft,  as  examples,  thelnftances  in  the 
fotlil  ivory,  which  retains  its  cartilage*;  the  bones  in  Gib- 
raltar  rock,  confiding  of  little  more  than  the  earthy  part  or 
phofphate  of  lime;  the  (hells  forming  the  lumachella  of  Bley- 
berg,  wrhich  (till  pofTefs  the  1  afire  and  iridefcence  of  their 
original  nacre  ;  and  the  (hells  found  at  Hordwell  in  Hamp- 
(hire,  and  in  Picardy,  which  are  chiefly  porcellaneous,  but  more 
or  lets  calcined;  alfo  the  foffil  echini  and  others,  fo  commonly 
found  in  the  limeffone,  chalk,  and  calcareous  grit  of  this  ifland, 
which,  although  they  retain  their  original  figure,  are  intirely, 
or  at  lead  externally,  formed  of  calcareous  fpar,  incruding  a 
nucleus  of  flint  or  chalcedony.  And  if,  in  addition  to  thefe,  we 
may  be  allowed  to  regard  the  more  recent  limedone  and  chalk 
drata  as  having  been  principally  or  partly  formed  from  the 
detritus  of  animal  exuviae,  we  (hall  pofTefs  a  complete  l’eries 
of  gradations,  commencing  with  animal  fubdances  analogous  in 

•  *  I  have  alfo  found  the  cartilage  perfeft,  in  the  teeth  of  the 
mammoth. 
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properties  to  tbofe  which  are  recent,  and  terminatingTn  bodies 
decidedly  mineral,  in  which  all  veftiges  of  organization  have 
been  completely  deftroyed. 

and  in  the  vege-  The  vegetable  kingdom  has  likewife  produced  many  in¬ 
fiances  not  lefs  remarkable ;  and  it  is  worthy  of  notice,  that 
animal  petrifactions  are  commonly  of  a  calcareous  nature, 
while,  on  the  contrary,  the  vegetable  petrifactions  are  general¬ 
ly  filiceous  *. 

It  is  not,  however,  my  intention  here  to  enter  into  a  minute 
difeuflion  concerning  the  formation  of  thefe  extraneous  fofljls  ; 
I  (hall  therefore  proceed  to  confider  other  equally  or  perhaps 
more  important  changes,  which  organized  bodies,  efpecially 
vegetables,  appear  to  have  fuffered,  (after  the  extinction  of  the 
principle  of  life,)  by  being  long  buried  in  earthy  ftrata,  and  by 
being  thus  expofed  to  the  effeCts  of  mineral  agents. 


§  IX, 

Biturm nous  mat-  The  principal  object  I  have  in  view,  is  to  adduce  fome  ad- 

^om^rganized^  ciitional  proofs,  that  the  bituminous  fubftances  are  derived 
matters;  chiefly  from  the  organized  kingdoms  of  nature,  and  efpecially  from 
vegetables.  vegetable  bodies ;  for,  although  many  circumflances  feem  to 
lead  to  the  opinion,  that  the  animal  kingdom  has  in  fome 
meafure  contributed  to  the  partial  formation  of  bitumen,  yet 
the  proofs  are  by  no  means  fo  numerous,  nor  fo  pofitive,  as 
thofe  which  indicate  the  vegetable  kingdom  to  have  been  the 
grand  fource  from  which  the  bitumens  have  been  derived. 
But  this  opinion,  (founded  upon  very  ftrong  preemptive 
evidence,)  although  generally  adopted,  is  however  queflioned 
by  fome  perfons ;  and  I  fhall  therefore  bring  forward  a  few 
additional  fads,  which  will,  1  flatter  myfelf,  contribute  to 
demonflrate,  that  bitumen  has  been,  and  is  adually  and  im¬ 
mediately  formed,  from  the  re  fin,  and  perhaps  from  fome  of 
the  other  juices  of  vegetables. 

Pure  bitumens  The  chemical  charaders  of  the  pure  or  unmixed  bitumens, 

vegetabl^jukes1;  as  naptha,  petroleum,  mineral  tar,  and  afphaltum,  are,  in 
certain  refpeds,  fo  different  from  thofe  of  the  refins  and  other 
infpilTated  juices  of  recent  vegetables,  that,  had  the  former 
never  occurred  but  in  a  feparate  and  unmixed  ftate,  no 
pofitive  inference  could  have  been  drawn  from  their  pro- 


*  Pyrites,  ochraccous  iron  ore,  and  fahlertz,  are  alfo  occafional- 
ly  found  in  the  forms  of  vegetable  bodies. 


perties 


OX  BITUMENS,  &C. 


183 


perties  in  proof  of  their  vegetable  origin.  Fortunately,  how-  but  the  progref- 

ever,  they  have  been  more  frequently  found  under  circum-  change*  are 
n  i*ii  «  .  .  .  inftructive  in 

Jtances  which  have  Itrongly  indicated  the  fource  from  whence  theferefpefts. 

they  have  been  derived  ;  and  much  information  has  been  ac¬ 
quired  from  obfervations  made  on  the  varieties  of  turf,  bitu¬ 
minous  wood,  and  pit  coal,  on  the  nature  of  their  furrounding 
ftrata,  on  the  veftiges  of  animal  and  vegetable  bodies  which 
accompany  them,  and  on  various  other  local  faCts;  all  of 
which  tend  confiderably  to  elucidate  the  hiftory  of  their 
formation,  and  to  throw  light  upon  this  interefting  part,  of 
geology. 

Some  inftances  have  already  been  mentioned,  which  thow 
that  foil'll  animal  fubllances  form  a  feries,  commencing  with 
fuch  as  are  fcarcely  different  from  thofe  which  are  recent,  and 
terminating  in  productions  which  have  totally  loft  all  traces  of 
organization. 

Similar  inftances  are  afforded  by  the  vegetable  kingdom;  but 
without  entering  into  a  minute  detail  of  every  gradation,  J  (hall 
only  cite  three  examples  in  this  iftand,  namely, 

1.  The  fubmarine  foreft  at  Sutton,  on  the  coaft  of  Lincoln- Series  of  change, 
{hire,  the  timber  of  which  has  not  buffered  any  very  apparent  ^^jbmanne 
change  in  its  vegetable  characters*. 

2.  The  ftrata  of  bituminous  wood  (called  Bovey  Coal)  found  ^ovey  coal  in 
at  Bovey,  in  Devon;  which  exhibits  a  teries  of  gradations, ali  !tb bUjdtlon"- 
from  the  moft  perfect  ligenious  texture,  to  a  fubftance  nearly 
approaching  the  characters  of  pit  coal,  and,  on  that  account, 
diftinguiflied  by  the  name  of  Stone  Coal. 

3.  And  laftly,  the  varieties  of  pit  coal,  fo  abundant  in  many  3*  Perfect  pit- 
parts  of  this  country,  in  which  almoft  every  appearance  of 
vegetable  origin  has  been  deftroyed. 

The  three  examples  above-mentioned,  appear  to  form  the 

extremities  and  centre  of  the  feries;  but  as,  from  tome  local 

circumftances,  the  procefs  of  carbonization,  and  formation  ofThe^ond  rtate 

,  ft  .  _  ,  .  r  offers  the  molt 

bitumen,  has  not  taken  place  in  the  nrlt  inltance,  and  as  tneie  in)truaive  fub- 

effeCts  have  proceeded  to  the  ultimate  degree  in  the  laft,  it  jett  for  refcarch. 

feems  moft  proper  that  we  ftiould  feek  for  information,  and 

for  pofttive  evidence,  in  the  iecond  example,  which  appears 

to  be  the  mean  point,  exhibiting  effeCts  of  natural  operations, 

by  which  bitumen  and  coal  have  been  imperfectly  and  partially 

*  Account  of  a  fubmarine  Foreft  on  the  Eaft  Coaft  of  England, 
by  Dr.  Correa  de  Serra.  Phil.  Tranf.  for  1799,  p.  145. 
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fchiflus, 


from  Iceland, 


confiding  very 
much  of  alder 
leaves. 


External  cha- 
radters. 


formed,  without  the  abfolule  obliteration  of  the  original 
vegetable  charafters ;  and,  although  I  have  feledled  the 
Bovey  coal  as  an  example,  becaufe  it  is  found  in  this  country, 
\ve  muft  recoiled!  that  fimilar  fubflances,  or  flrata  ot  bituminous 
wood,  are  found  in  many  parts  of  our  globe;  fo  that  the 
example  which  has  been  more  immediately  chofen,  is  neither 
rare  nor  partial  *. 

The  nature,  however,  of  the  various  kinds  of  bituminous 
wood,  ma)  in  fome  refpedts  be  different  ;  but  this  I  have  not 
as  yet  had  (he  means  of  afeertaining  ;  I  fhall  therefore  only 
Rate  the  fa<5ts  refulting  from  experiments  made  on  Bovey  coal, 
and  more  efpecially  on  a  peculiar  bituminous  fubflance  with 
which  it  is  accompanied.  But,  before  I  enter  into  thefe 
particulars,  it  will  be  proper  to  mention  a  very  remarkable 
fchiflus,  with  which  I  was,  fome  months  fince,  favoured  by 
the  Right  Hon.  Sir  Jofeph  Banks. 

§  III. 

This  fchiflus  wTas  found  by  Sir  Jofeph,  in  the  courfe  of  his 
tour  through  Iceland,  near  Reykum,  one  of  the  great  fpouting 
hot  fprings,  diflant  about  twenty-four  Englifh  miles  from 
Hafnifiord  ;  but  circumflances  did  not  permit  him  to  afeertain 
the  extent  of  the  ftratum. 

The  fingularity  of  this  fubflance  is,  that  a  great  part  of  it 
confifT  of  leaves,  which  are  evidently  thofe  of  the  alder,  inter- 
pofed  between  the  different  lamellae.  I  do  not  mean  mere 
impreffons  of  leaves,  fuch  as  are  frequently  found  in  many  of 
the  flates,  but  the  real  fubflance,  in  an  apparently  half  charred 
ftate,  retaining  diflmdlly  the  form  of  the  leaves,  and  the 
arrangement  of  the  fibres. 

The  fchiflus  is  light,  brittle,  of  eafy  oxfoliation,  in  the 
tranfverfe  frudlure  earthy,  and  of  a  pale  brown  colour  ;  but, 
when  longitudinally  divided,  the  whole  furface  conflantly  pre¬ 
sents  a  feries  of  the  leaves  which  have  been  mentioned, 
uniformly  fpread,  and  commonly  of  a  light  gray  on  the  upper 
furface,  and  of  a  dark  brown  on  the  other;  the  fibres  on  the 

• 

*  Strata  of  bituminous  wood  are  found  in  various  parts  of  France, 
in  the  vicinity  of  Cologne,  in  HcfTe,  Bohemia,  Saxony,  Italy, 
and  efpecially  in  Iceland,  where  it  is  known  under  the  name  of 
Surturbrand. 
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light  gray  furface  being  generally  of  a  blackifh-brown,  which 
is  alfo  the  colour  afliimed  by  the  fchidus  when  reduced  to 
powder. 

The  leaves  appeared  to  be  in  the  date  of  charcoal,  by  being  The  leaves  al- 
extremely  brittle,  by  theblackifh  brown  colour,  by  deflagrating  ftatc  x 

with  nitre,  by  the  manner  of  burning,  and  by  forming  car¬ 
bonic  acid.  I  was,  however,  foon  convinced  that  the  fub¬ 
dance  of  thefe  leaves  was  not  complete  charcoal,  but  might 
more  properly  be  regarded  as  vegetable  matter  in  an  incipient 
date  ot  carbonization,  which,  although  pofleffed  of  many  of 
the  apparent  porperties  of  charcoal,  dill  retained  a  fmall 
portion  of  fome  of  the  other  principles  of  the  original  vege¬ 
table. 

My  lufpicion  was  excited,  partly  by  the  odour  produced  but  burning  with 
during  combudion,  which  rather  more  refembled  that  of  w'ood  ^Qe0^our 
than  that  of  charcoal,  and  partly  by  the  brown  folution 
formed  by  digeding  the  powder  of  the  unburned  fchiftus  in 
boiling  diddled  water ;  for,  by  various  teds  I  afcertained,  that 
the  fubdance  thus  dilfolved  w-as  not  of  a  mineral  nature.  In 
order,  however,  fully  to  fatisfy  mvfelf  in  this  refpetl,  I  digeded  Digeftionof  the 
250  grains  of  the  pulverized  fchidus  with  dx  ounces  of  water,  ^  examination 

The  liquor  was,  as  before,  of  a  dark  brown  colour.  of  the  folution. 

It  had  but  little  flavour. 

Prudiate  of  potafh,  muriate  of  barytes,  and  folution  of 
ifinglafs,  did  not  produce  any  effect;  nitrate  of  diver  formed  a 
very  faint  cloud;  fulphate  of  iron  was  dowdy  precipitated,  of 
a  dark  brownidi  colour;  and  muriate  of  tin  produced  a  white 
precipitate. 

A  portion  of  the  folution,  by  long  expofure  to  the  air,  was 
partially  decompofed  ;  and  a  quantity  of  a  brown  fubdance  was 
depodted,  which  could  not  again  be  dilfolved  in  w-ater. 

Another  portion  was  alfo  evaporated  to  drynefs,  and  af¬ 
forded  a  fimilar  brow^n  fubdance,  which  was  only  partially 
foluble  in  water;  and  the  redduum,  in  both  of  the  above 
cafes,  was  found  to  be  infoluble  in  alcohol,  and  in  ether. 

When  burned,  it  emitted  fmoke,  wdth  the  odour  of  vege¬ 
table  matter. 

250  grains  of  the  fchidus,  afforded  about  three  grains  of  the 
above  fubdance;  and,  when  the  properties  of  the  aqueous 
folution  are  conddered,  fuch  as  its  partial  decompodtion,  and 
the  depodt  which  it  yielded  by  expofure  to  air,  and  b)  evapora¬ 
tion  ; 
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tion  ;  (he  infallibility  of  thi*  depofit  when  again  digefted  with 
water,  alcohol,  or  ether;  the  fmoke  and  odour  which  it  yielded 
when  burned;  and  (he  precipitates  farmed  by  the  addition  of 
fulphate  of  iron  and  muriate  of  tin  to  its  falution;  when  thefe 
properlies,  1  fay,  are  conlidered,  there  feems  much  reafon  to 
conclude,  that  the  fubflance  dilTblved  by  water  was  vegetable 
extract,  which  had  apparently  luffered  fame  degree  of  modifi¬ 
cation,  but  not  fufficient  to  annul  the  more  prominent  charac¬ 
terise  properties  of  that  fubflance. 

The  powder  of  the  fchiftus,  which  had  been  employed  in 
the  preceding  experiment,  was  afterwards  digefled  in  alcohol 
during  twro  days  ;  and  a  pale  yellow  tin&ure  was  thus  formed, 
w-hich,  by  evaporation,  left  about  one  grain  of  a  yellow  tranf* 
parent  fubflance,  poffeffing  the  properties  of  refin. 

It  appears,  therefore,  that  a  fubflance  very  analogous  to 
tratt^and TVittlc  vegetable  extra<5l,  and  a  fmall  portion  of  refin,  remain  inherent 
re fm,  in  the  leaves  of  this  remarkable  fchiftus. 

but  no  tannin.  -As  falution  of  ifinglafs  did  not  produce  any  effe£t,  there  was 
reafon  to  conclude,  that  the  aqueous  falution  above-mentioned 
did  not  contain  any  tannin  ;  but,  as  the  tannin  might  be  com¬ 
bined  with  the  alumina  of  the  fchiftus,  I  digefted  a  portion  of  it 
in  muriatic  acid,  which,  after  filtration,  wras  evaporated  almoft: 
to  drynefs,  leaving,  however,  the  acid  in  a  flight  excefs.  This 
was  diluted  writh  water;  and  afforded  a  blue  precipitate  with 
pruftiate  of  potafb,  a  yellovvifh  precipitate  w  ith  ammonia,  and 
a  white  precipitate  with  muriate  of  tin,  but  not  any  with  fa¬ 
lution  of  ifinglafs.  The  tannin  which  might  have  been  con¬ 
tained  in  (he  recent  vegetable,  appears  therefore  to  have  been 
difiipated  or  decompofed,  w  ith  the  greater  part  of  the  other 
vegetable  principles,  excepting  the  woody  fibre  reduced  to 
the  llate  of  an  imperfect  coal,  and  the  fmall  portions  of  extract 
and  retin  which  have  been  mentioned 

Previous  to  having  made  the  analyfis,  I  had  an  idea,  that  this 
fchiftus  might  be  a  lamellated  incruflation,  formed  by  the  tufa 
of  the  hot  fprings;  but,  according  to  Mr.  Klaproth’s  analyfis  *» 
the  tufa  of  Gey  far  is  com  poled  of. 

Silica  98 

Alumina  -  1.50 

Iron  50 


100. 


*  Batragc  \  Zwatcr  band,  p.  109. 
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It  is  therefore  very  different  from  the  fchiflus,  the  component 
ingredients  of  which  were  afcertained  from  the  following 
analyfis. 

ANALYSIS  OF  THE  SCHISTUS  FROM  ICELAND*. 

A.  250  grains,  by  diftillation,  yielded  water,  which,  in  the  Analyfis  of  die 
latter  part  of  the  procefs,  became  (lightly  acid  and  turbid, 

=  42.50  grains. 

B.  The  heat  was  gradually  increafed,  until  the  bulb  of  the 
retort  was  completely  red  hot.  During  the  increafe  of  the 
heat,  a  thick  brown  oily  bitumen  came  over,  which  weighed 
7.50  grains;  it  was  attended  with  a  copious  produdlion  of 
hydrogen,  carbonated  hydrogen,  and  carbonic  acid,  the  whole 
of  which  may  be  eftimated  at  23.75  grains. 

C.  The  reliduum  was  black,  like  charcoal,  and  weighed 
176.25  grains;  but,  being  expofed  to  a  ftrong  red  heat  in  a 
crucible  of  platina,  it  burned  with  a  faint  lambent  (lame,  and 
was  at  length  reduced  to  a  pale  brown  earthy  powder,  which 
weighed  122  grains;  fo  that  54.25  grains  were confumed. 

D.  The  122  grains  were  mixed  with  240  of  pure  potafli ; 
and,  as  fome  particles  of  charcoal  remained,  50  grains  of  nitre 
were  added,  and  the  whole  was  llrongly  healed,  during  half 
an  hour,  in  a  filver  crucible.  The  mats  was  then  diflolved 
in  diddled  water,  and,  muriatic  acid  being  added  to  excels,  the 
liquor  was  evaporated  to  drynefs,  and  was  again  digeded  with 
muriatic  acid  much  diluted  ;  a  quantity  of  pure  dlica  then  re¬ 
mained,  which,  after  having  been  expofed  to  a  red  heat, 
weighed  98  grains. 

E.  The  liquor  from  which  the  dlica  had  been  feparated,  was 
evaporated  nearly  to  drynels,  and  added  to  boiling  lixivium  of 
potadi  ;  after  the  boiling  had  been  continued  for  about  one 
hour,  the  liquor  was  filtrated,  and  a  quantity  of  oxide  of  iron 
W'as  colledted,  which  amounted  to  6  grains. 

F.  Solution  of  muriate  of  ammonia  was  added  to  the  pre¬ 
ceding  dltrated  liquor  ;  and,  the  whole  being  then  heated,  a 
copious  precipitate  of  alumina  was  obtained,  which,  after 
having  been  made  red-hot,  weighed  15  grains. 

Carbonate  of  Coda  caufed  the  preceding  liquor  (after  the 
feparation  of  alumina)  to  become  (lightly  turbid,  but  not  any 
precipitate  could  be  collected. 

*  The  remaining  fpecimens  are  now  in  the  Britifh  Mufeum, 
and  in  the  collection  of  the  Right  Hon.  Charles  Greviile. 

By 
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Component 

parts. 


Its  component 
parts,  exclufivc 
of  water  and 
vegetable  matter. 


By  this  analyfis,  2 50  grains  of  the  fchiftus  afforded. 


Water  - 

A.  - 

Grains. 

42.30 

Thick  brown  oily  bitumen  ' 

l  b 

(  7.50 

Mixed  gas  (by  computation)  \ 

[ 

i  23.75 

Charcoal  (by  computation) 

C.  - 

54.25 

Silica  - 

D.  - 

98 

Oxide  of  iron 

E.  - 

6 

Alumina  - 

F.  - 

15 

247. 

Bat  the  water  and  vegetable  matter  muft  be  regarded  as  extra¬ 
neous  ;  and,  if  they  are  dedu&ed,  the  real  compofilion  of  the 
fchiftus  is  nearly  as  follows. 

Silica  -  82.30 

.Alumina  -  12.61 

Oxide  of  Iron  -  5. 


99.91. 

It  evidently,  therefore,  belongs  to  the  family  of  argillaceous 
fchiftus,  although  the  proportion  of  filica  is  more  coniiderabls 
than  has  been  found  in  thofe  hitherto  fubjected  to  chemical 
analyfis. 

The  tchiftus  has  not  been  noticed  by  von  Troil,  nor  by  any 
of  thofe  who  have  written  concerning  Iceland  ;  for  the  Hate 
which  was  fent  to  Profelfor  Bergmann  by  the  former,  and 
which  is  mentioned  by  the  latter  in  one  of  his  letters,  is  there 
exprefsly  ftated  to  be  the  common  aluminous  fiate  containing 
impreflions  *. 


Queftion, 
whether  the 
circumftances  of 
the  production 
of  this  fchiftus 
were  peculiar. 


$  IV. 

From  the  experiments  which  have  been  related,  we  find  that 
the  leaves  contained  in  the  Iceland  fchiftus,  although  they  are 

*  Letters  on  Iceland,  by  Unovon  Troil,  p.  3 55. 

Mr.  Faujas  St.  Fond  has  however  deferibed  a  fchiftus  nearly 
fimilar,  which  is  found  near  Roche-Seauve,  in  the  Vivarais 
The  ftratum  extends  about  two  leagues ;  and  the  only  difference  is, 
that,  according  to  Mr.  St.  Fond,  the  fchiftus  at  Roche-Seauve  is  of 
the  nature  of  marble,  or,  as  he  terms  it,  argillo-calcareous, 
whereas  this  of  Iceland  is  ubdoubtedly  argillaceous.  From  Mr. 
St.  Fond’s  account,  it  does  not  appear  that  the  vegetable  leaves 
contained  in  the  fchiftus  of  Roche-Seauve  have  been  chemically 
examined.  Effai  dc  Geologic,  par.  B.  Faujas  St.  Fond,  Tome  I. 
pp.  128  and  134. 
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apparently  reduced  almod  to  the  date  of  charcoal,  neverthe- 
lefs  retain  fomc  part  of  their  original  proximate  principles, 
namely,  extract  and  refin.  This,  of  itfelf,  is  undoubtedly  a 
remarkable  fa<5i ;  but,  if  it  were  untupported  by  any  other, 
the  only  inference  would  be,  that  the  fchidus  was  mod  pro¬ 
bably  of  very  recent  formation,  and  had  been  produced  under 
peculiar  circumdances. 

I  was  dedrous,  therefore,  to  difcovcr  fome  fimilar  cafes,  requires  an  at- 
which  might  ferve  as  additional  corroborative  proofs  of  the  mineral  bitu^ 
gradual  alterations  by  which  vegetable  bodies  become  changed,  mens, 
fo  as  at  length  to  be  regarded  as  forming  part  of  the  mineral 
kingdom  ;  and,  from  the  reafons  which  have  been  dated  in 
the  commencement  of  this  paper,  as  well  as  from  a  certain 
fimilarity  in  the  external  chara&ers  of  the  fubdance  compodng 
the  leaves  above-mentioned  with  thofe  of  the  Bovey  coal, 

I  was  induced  to  make  this  lad  alfo  a  fubjeCt  of  chemical 
inquiry. 

In  the  Philofophical  TranfaCtions  for  the  y  ear  1760*,  fome  Bovey  coal, 
remarks  on  the  Bovey  coal,  and  an  account  of  the  drata,  are 
dated,  in  a  letter  from  the  Rev.  Dr.  Milles  to  the  Earl  of 
Macclesfield.  The  objeCt,  indeed,  of  the  author,  was  to  eda- 
blifh  that  this  and  fimilar  fubdances  are  not  of  vegetable,  but 
of  mineral  origin ;  and,  to  prove  this,  he  adduces  a  great 
number  of  cafes,  mod  of  which,  however,  in  the  prefect  date 
of  natural  hidory  and  of  chemidry,  mud  be  regarded  as 
proving  the  contrary ;  whild  others,  mentioned  by  him,  fuch 
as  the  Kimmeridge  or  Kimendge  coal,  are  nothing  more 
than  bituminous  dates,  and  of  courfe  are  of  a  very  different 
nature. 

Dr.  Milles’s  account  of  the  varieties  of  the  Bovey  coal,  and  Itshiftory. 
of  the  date  of  the  pits  at  that  time,  appears  to  be  very  ac¬ 
curate  ;  and,  for  the  prefect  date,  or  at  lead  tuch  as  it  was 
in  1796,  I  fiiall  beg  leave  to  refer  to  a  paper  of  mine,  pub- 
li  fhed  in  the  fourth  volume  of  the  Tran  fad  ions  of  the  Linnean 
Society  f;  for,  as  this  is  more  immediately  a  chemical  invef- 
tigation,  I  with  to  avoid,  as  much  as  poffible,  entering  into 
any  minute  detail  of  geological  circumdances. 

*  Vol.  LI.  p.  534. 

f  Obfervations  on  bituminous  Subdances,  p.  138.  See  alfo 
Parkinfon’s  Organic  Remains  of  a  former  World.  Vol.  I.  p.  126. 
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Its  ftrata  agree 
with  thofe  of 
furturbrand. 
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It  may  however  be  proper  to  obferve,  that  the  Bovey  coat 
is  found  in  frrata,  correfponding  in  almoft  every  particular 
with  (hofe  of  the  furturbrand  in  Iceland,  deferibed  by  Von 
Troil*,  and  by  Profeffor  Bergmann  f.  The  different  ftrata 
of  both  thefe  fubftances  are  like  wife  fimilar,  being  compofed 
of  wood  or  trunks  of  trees,  which  have  completely  loft  their 
cylindrical  form,  and  are  perfectly  flattened,  as  if  they  had 
been  fubjedted  to  an  immenfe  degree  of  preffure 

The 


*  Von  Troil's  Letters,  p.  42. 

f  OJiuJcula  Bcrgmanni  >  Tom.  III.  De  Produfdis  V 'j  leant  is, 

p.  239. 

%  Bergmann,  in  the  differtation  above  quoted,  accurately  de- 
feribes  this  appearance  of  the  furturbrand,  and  then  lays,  “  Qua? 
autem  immanis  requiritur  vis,  ut  truncus  cylindricus  ita  compla- 
netur  ?  Non  fig  antea  particular  urn  nexus  Jiutredinis  quodam  gradu 
fuerit  relaxatus  ?  Certe,  nifi  compages  quodammodo  mutatur, 
quodlibet  pondus  incumbens  huie  eftedtui  erit  impar.  Ceterum 
idem  obfervatur  phaenomenon  in  omrti  fchijlo  argillaceo.”  This  is 
certainly  a  very  curious  fadt ;  and  the  learned  Profeffor,  with  his 
ufual  acutenefs,  rejedts  the  idea  that  mere  weight  can  have  been 
the  caufe.  As  a  farrher  proof  alfo,  he  afterwards  obferves,  “  Or- 
thoccratitac,  qu:e  in  firato  calcarco  com  cam  figuram  pnfcfte  fervant , 
in  fchifto  planum  fere  triangidare  comjirejfione  efficrunt.  Idem  valet 
de  pifeibus,  conchis,  infedtifque  petrefadtis.”  And  again,  “  Ob- 
fervatu  quoque  dignum  eft,  quod  idem  repcriatur  effettus,  quanwis 
Jlratum  calcar  cum  fub  fchijlo  collocatum fit ,  cl  majori  idco  ponder  e  com - 
Jinmente  onujlum."  De  Produblis  Nolcaniis,  p.  240.  It  is  evident, 
therefore,  that  weight  alone  has  not  produced  this  effedt  ;  and 
Bergmann ’s  idea,  that  the  folidity  of  the  vegetable  bodies  may 
have  undergone  fome  previous  change,  in  the  manner  of  incipient 
putrefadtion,  by  moifture,  and  by  becoming  heated  in  the  mals, 
muft  be  allowed  to  be  very  probable.  But  bodies  l'uch  as  fhells 
could  not  be  thus  aftedted  ;  and  therefore  they  muft  have  been  ex- 
pofed  to  fome  mechanical  efledt,  peculiar  to  argillaceous  ftrata  j 
which  effedt,  however,  from  the  circumftanccs  which  have  been 
adduced,  evidently  could  not  have  refulted  from  the  mere  preffure 
of  the  fuperincumbent  ftrata.  To  me,  therefore,  it  feems  not 
very  improbable,  that,  together  with  a  certain  change  in  the  foli- 
dity  of  vegetable  bodies,  produced  in  the  manner  imagined  by 
Bergmann,  and,  together  with  fome  degree  of  luperincumbent 
preffure,  a  real  and  powerful  mechanical  adtion  has  been  exert¬ 
ed,  uy  the  comradtion  of  the  argillaceous  ftrata,  in  conft*quenc« 

of 
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The  Bovey  coal  is  commonly  of  a  chocolate-brown,  and  feme-  External  cha- 
times  almoft  black.  The  quality  and  texture  of  it  are  various  ^C1S  oi  Bovejr 
in  different  drata  ;  from  fome  of  thefe,  it  is  obtained  in  the  form 
of  draight  flat-pieces,  three  or  four  feet  in  length,  refembling 
boards,  and  is  therefore  called  Board  Coal.  Others  have  an 
oblique,  wavy,  and  undulating  texture,  and,  as  Dr.  Milles  ob- 
ierves,  have  a  drong  refemblance  to  the  roots  of  trees,  from 
which,  moll  probably,  this  fort  has  in  a  great  meafure  been 
formed. 

Some  kinds  alio  appear  to  be  more  or  lefs  intermixed  with 
earth  ;  but  that  which  produces  the  moff  powerful  and  lafting  ; 
fire,  is  called  done  coal ;  it  is  black,  with  a  gloffy  fradure  ; 
has  little  or  none  of  the  vegetable  texture  ;  is  more  folid 
and  compact  than  the  others,  being  almoft  as  heavy  as  fome 
of  the  pit  coals,  the  nature  of  which  it  feems  very  nearly  to 
approach. 

For  chemical  examination,  I  feleded  fome  of  the  coal  which 
had  a  wavy  texture,  and  rather  a  gloffy  fradure;  the  quality  of 
this  fort  being  apparently  intermediate  between  the  others,  as 
it  retains  completely  the  marks  of  its  vegetable  origin,  while, 
at  the  fame  time,  it  poffeffes  every  perfed  charader  of  this 
fpecies  of  coal. 

A.  200  grains  of  the  Bovey  coal,  by  didillation,  yielded.  Chemical  exa- 

Grains.  ™ination  °f 

1.  Water,  which  foon  came  over  acid,  and  afterwjrrds 
turbid,  by  the  mixture  of  fome  bitumen  - 

2.  Thick  brown  oily  bitumen  - 

3*  Charcoal  ------ 

4.  Mixed  gas,  confiding  of  hydrogen, 

carbonated  hydrogen,  and  carbonic 
acid. 


Bovey  coal. 


60 

21 

90 


>eftimatedat  29 


200. 

The  charcoal,  in  appearance,  perfedly  refembled  that  which 
is  made  from  recent  vegetables.  By  incineration,  about  4 
grains  of  yellowifh  adies  were  left,  which  confided  of  alumina, 
iron,  and  filica,  derived  mod  probably  from  fome  fmall 
portion  of  the  clay  drata  w'hich  accompany  the  Bovey  coal. 

of  defecation  ;  this,  I  believe,  has  not  hitherto  been  much  confi- 
dered,,but  I  am  inclined,  from  many  circumftances,  to  attribute 
to  it  a  very  great  degree  of  power. 

But 
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It  referable*  the 
fchiftus  in  its 
products  as  well 
as  character ; 
but  it  afforded 
no  extract,  but 
only  i  din  j 


But  it  is  very  remarkable,  that  neither  the  adies  obtained  from 
the  charcoal  of  the  Bovey  coal,  nor  thofe  obtained  from 
the  leaves  of  the  Iceland  fchiftus,  afforded  the  (mailed  trace  of 
alkali,  * 

B.  200  grains  of  the  Bovey  coal,  reduced  to  powder,  were 

digeded  in  boilingdidilled  wafer,  which  was  afterwards  filtrated, 
and  examined  ;  but  I  could  not  difeover  any  ligns  of  extract, 
or  of  any  other  fubdance.  :  . 

C.  200  grains  were  next  digeded  with  fix  ounces  of  alcohol, 
in  a  very  low  degree  of  heal,  during  five  days.  A  yellowidi- 
brown  tincture  was  thus  formed,  which,  by  evaporation,  af¬ 
forded  a  deep  brown  fubdance,  poflefiing  all  the  properties  ot 
refin,  being  infoluble  in  water,  but  foluble  in  alcohol,  and  in 
ether;  it  alio  fpeedily  melted,  when  placed  on  a  red-hot  iron, 
burned  with  much  flame,  and  emitted  a  fraganl  odour,  totally 
unlike  the  very  unpleafant  fmell  produced  by  burning  the  coal 
itfelf,  or  by  burning  any  of  the  common  bituminous  lub- 
dances.  The  quantity,  however,  which  could  be  extracted 
from  200  grains  of  the  coal,  by  alcohol,  was  but  fmall,  as  it 
did  not  exceed  3  grains.  But  this  (mall  quantity  was  fufficient 
to  prove,  that  although  the  Bovey  coal  does  not  contain  any 
vegetable  extract,  like  the  fchiftus  formerly  mentioned,  yet  the 
whole  of  the  proximate  principles  of  the  original  vegetable 
have  not  been  entirely  changed;  as  a  (mall  portion  of  true  refin, 
not  converted  into  bitumen,  dill  remains  inherent  in  the  coal, 
although  the  bituminous  part  is  much  the  mod  prevalent,  and 
caufes  the  fetid  odour  which  attends  the  combudion  of  this 
fubfiance. 

Upon  a  eomparifon  of  the  general  external  chara6ters  of  1  he 
Bovey  coal,  with  thole  of  the  fubdance  which  forms  the  leaves 
contained  in  the  Iceland  fchidus,  a  very  great  refemblance  will 
be  oblerved  ;  and  this  is  farther  confirmed,  bv  the  fimilarity  of 
the  produ&s  obtained  from  each  of  them  in  the  preceding  ex¬ 
periments,  with  the  tingle  exception,  that  the  leaves  contain 


’*  This,  as  far  as  relates  to  the  Bovey  coal,  has  been  alfo  no¬ 
ticed  by  Dr.  Milles,  Phil.  Tranf.  Vol.  LI.  p.  553.  But  wood, 
however  long  lubmerged,  is  not  deprived  of  alkali,  unlefs  it  has 
more  or  lefs  been  converted  into  coal  ;  for  I  have,  fince  the  read¬ 
ing  of  this  paper,  made  lome  experiments  on  the  wood  of  the  fub- 
merged  foreft  at  Sutton,  on  the  coalt  of  Lincolnfhire,  and  have 
found  it  to  contain  potalh. 
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fome  vegetable  extract,  which  I  could  not  difcover  in  the  Bovev 
coal.  They  agree  however  in  every  other  relpect;  as  they  both 
confift  of,  woody  fibre  in  a  ftate  of  femicarbonization,  impreg¬ 
nated  with  bitumen,  and  a  fmal!  portion  of  refin,  perfectly 
fimilar  to  that  which  is  contained  in  many  recent  vegetable 
bodies  ;  and  thus  it  feems,  that  as  the  woody  fibre,  in  thefe 
cafes,  ftill  retains  fome  part  of  its  vegetable  characters,  and  is 
but  partially  and  imperfectly  converted  into  coal,  fo,  in  like 
manner,  tome  of  the  other  vegetable  principles  have  only 
fuffered  a  partial  change.  Undoubtedly,  there  is  every  rea-  which  niott  pro- 
fon  to  believe  that,  next  to  the  woody  tibre,  retin  is  the  fub-  babiy  is ^hat 
fiance  which  in  vegetables  patfing  to  the  foflil  ftate,  mod  the  bitumem 
powerfully  refifts  any  alteration  ;  and  that,  when  this  is  at 
length  efTe£led,  it  is  more  immediately  the  fubftance  from 
which  bitumen  is  produced.  The  inftances  which  have  been 
mentioned  corroborate  this  opinion  ;  for  the  vegetable  extraCt 
in  one  of  them,  and  more  efpecially  the  retin  which  vvas 
di (covered  in  both,  muft  be  regarded  as  part  of  thofe  prin¬ 
ciples  of  the  original  vegetables  which  have  remained,  after 
fome  other  portions  of  the  fame  have  been  modified  into 
bitumen. 

The  fmallnefs  of  the  quantity  of  refill  obtained  in  both  the 
preceding  cafes,  bv  no  means  invalidates  the  proot  ot  the  above 
opinion;  but,  as  an  additional  confirmation  of  it,  I  (hall  now 
give  an  account  of  a  very  lingular  fubftance,  which  is  found 
with  the  Bovey  coal, 

$  V. 

Dr.  Milles,  in  his  remarks  on  the  Bovey  coal,  (which  I  Singular  fub- 
have  feveral  times  had  occafion  to  notice  in  the  eourfe  of  this  ^dTtheBovey 
Paper,)  ftates,  that  "  araongft  the  clay,  but  adhering  to  the  coal, 
coal,  are  found  lumps  of  a  bright  yellow  loam ,  extremely 
light,  and  fo  faturaled  with  petroleum,  that  they  burn  like 
fealing  wax,  emitting  a  very  agreeable  and  aromatic  feent'”* 

This  fubftance,  I  alfo  obferved,  when  I  vifited  the  Bovey  It  is  a  peculiar 
coal-pits,  in  1794  and  1796.  At  that  time,  however,  it  was  bitumen* 
fcarce,  and  I  could  only  procure  one  ftnall  fpecimen,  which  is 
now  in  the  Britifh  Mufeum;  but,  from  a  curfory  examination  of 
it,  I  vvas  convinced  that  it  was  a  peculiar  bituminous  lubftance. 


*  Phil.  Tranf.  Vol.  LI.  p.  53  v. 
Vol.  X.—  March,  1804.  O 
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and  not  loam  impregnated  with  petroleum,  as  Dr.  Jvlilles  had 
fuppofed.  I  could  not  then  conveniently  make  a  regular 
analyfis  of  it,  and  therefore  contented  myfelt  with  briefly 
defcribing  it,  in  a  note  annexed  to  my  Paper  on  bituminous 
Subdances.  * 

Lately,  however,  my  friend  John  Sheldon,  Efq.  of  Exeter, 
F.  R.  S.  obligingly  fent  me  feveral  pieces  of  it,  together  with 
fpecimens  of  the  different  kinds  of  Bovey  coal  which  have  been 
mentioned;  and  thus  I  was  enabled  fully  to  ascertain  its  real 
nature  and  properties. 


DESCRIPTION  OF  THE  BITUMEN  FROM  BOVEY, 

Description  of  It  accompanies  the  Bovey  coal,  in  (he  manner  already  de- 

thc  bitumen  feribed,  and  is  found  in  maffes  of  a  moderate  fize. 

from  Bovey. 

Tiie  colour  is  pale  brownifh  ochraceous  yellow. 

The  frafture  is  imperfectly  conchoidal. 

It  appears  earthly  externally,  but,  when  broken,  exhibits  a 
flight  degree  of  vitreous  lufire. 

The  fragments  are  irregularly  angular,  and  completely 
opaque  at  the  edges. 

It  is  extremely  brittle. 

J 

It  does  not  apparently  become  foftened,  when  held  for  fome 
time  in  the  hand,  but  emits  a  faint  refinous  odour. 

The  fpecific  gravity,  at  temperature  65°  of  Fahrenheit, 
is,  1,13 5. 

Some  lpecimens  have  dark  fpots,  flightjy  approaching  in  co¬ 
lour  and  lufire  io  aiphaltum  ;  and  fmall  portions  of  the  Bovey 
coal  are  commonly  interiperfed  in  the  larger  maffes  of  this 
bitumen. 

When  placed  on  a  heated  iron,  it  immediately  melts,  fmokes 
much,  burns  with  a  bright  flame,  and  yields  a  very  fragrant 
odour,  like  fome  of  the  fweet-feented  refins,  but  which  at  lafl 
becomes  (lightly  tainted  with  that  of  afphaltum. 

The  melted  mats,  when  cold,  is  black,  very  brittle, 
and  breaks  writh  a  gloffy  fraCture. 

EXPERIMENTS. 


Experiments  on 
the  fame. 


A.  100  grains  of  this  bitumen,  when  diflilled  until  the  bulb 
of  the  retort  became  red-hot,  afforded, 


•  Tranfattiorts  of  the  Linnean  Society,  Vol.  IV.  p.  139. 

4  i.  Water 
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Grains. 

1.  Water  (lightly  acid  ....  3 

2.  Thick  brown  oily  bitumen,  very  fimilar  to  that  which 

was  obtained  from  the  Bovey  coal,  but  poffefling 
(lightly  the  odour  of  vegetable  tar  -  -  45 

3.  Light  (pongy  coal  -----  23 

4.  Mixed  gas,  compofed  of  hydrogen,  carbonated  hydro¬ 
gen,  and  carbonic  acid,  (by  computation,)  -  29. 

The  coal  yielded  about  three  grains  and  a  half  of  afhes, 
which  confided  of  alumina,  iron,  and  lilica,  with  a  trace  of  lime. 

B.  The  bitumen  was  not  affected  by  being  long  digeded  in 
boiling  diddled  water. 

C.  By  digeding  100  grains  in  lixivium  of  pure  potafli,  a 
brown  (olution  was  formed;  this  was  faturated  with  muriatic 
acid,  and  a  brown  rednous  precipitate  was  obtained,  which 
weighed  21  grains. 

D.  A  portion  was  digeded  in  nitric  acid  :  at  fird,  much 
nitrous  gas  was  evolved,  and,  after  the  digedion  had  been  con¬ 
tinued  for  nearly  48  hours,  a  part  was  diflolved,  and  formed 
an  orange-coloured  folution,  which  did  not  yield  any  precipi¬ 
tate,  when  faturated  by  the  alkalis,  or  by  lime;  the  colour  only 
became  more  deep,  and,  by  evaporation,  a  yellow  vifcid  fub- 
ftance  was  obtained,  which  was  foluble  in  water.  The  above 
nitric  folution  poffeffed  every  property  of  thofe  nitric  (olutions 
of  rednous  fubdances  which  I  have  mentioned  in  a  former 
paper.  * 

E.  The  benzoic  and  fuccinic  acids  were  not  obtained  from 
this  fubdance,  by  any  of  the  methods  ufually  employed. 

F.  Alcohol  almod  immediately  began  to  act  upon  this  bitu¬ 
men  ;  and,  being  added  at  different  times,  gradually  diffolved 
a  confiderable  part  of  it.  The  folution  was  reddifh-brown, 
and  has  a  rednous  odour ;  by  the  addition  of  water  it  became 
milky,  and,  by  evaporation,  afforded  a  dark  brown  fubdance, 
which  had  every  property  of  refin,  whild  the  redduum  left 
by  the  alcohol  poffeffed  thofe  proporties  which  characterize 
aiphaltum. 

The  following  analyfis  was  then  made,  to  difcover  the  pro¬ 
portions  of  the  component  ingredients. 

*  Phil.  Tranf.  for  1804,  p.  198. 
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ANALYSIS  OF  TI1E  BITUMEN  FROM  BOVEY. 

A.  100  grains,  reduced  to  a  fine  powder,  were  digefted 
during  48  hours  with  fix  ounces  of  alcohol,  ihe  vefiel  being 
placed  in  (and  moderately  warmed.  A  deep  reddifii-brown 
tin<51ure  was  thus  obtained  ;  and  the  operation  was  again  twice 
repeated,  with  other  portions  of  the  lame  menftruum,  until  it 
ceafed  to  a£t  upon  the  refiduum. 

The  whole  of  the  fpirituous  folution  (which  had  been  cau- 
tioufiy  decanted)  was  then  (ubjeded  to  a  very  gradual  difiilla- 
tion  in  an  alembic,  and  yielded  a  brown  fragant  refin,  which 
weighed  55  grains. 

B.  The  refiduum,  which  could  not  be  difib] ved  by  alcohol, 
wasdigefted  in  boiling  difiilled  water,  but  this  did  not  a£t  upon 
it ;  the  whole  was  therefore  collected  on  a  filter,  was  gradually- 
dried,  without  heat,  by  mere  expofure  to  the  air,  and  then 
weighed  44  grains. 

Thefe  44  grains  confided  of  a  light,  porous,  pale-brown  fub- 
itance,  which,  being  melted,  formed  a  black,  finning,  brittle 
mafs.  It  burned  with  the  odour  of  afphaltum,  but  rather  lels 
difagreeable,  owing  moft  probably  to  a  fmall  portion  of  the 
relin,  which  had  not  been  completely  extracted  by  the  alcohol, 
it  was  infoluble  in  water,  and  in  alcohol,  but  was  readily 
difiolved  by  heated  fat  oils;  and  in  every  other  particular  was 
found  to  polfels  the  properties  of  afphaltum. 

The  44  grains  of  afphaltum,  when  burned,  left  a  refiduum, 
which  weighed  three  grains,  and  coniilted  of  alumina,  filica, 
and  iron. 

By  this  analyfis  it  appears,  that  the  bitumen  which  accom¬ 
panies  the  Bovey  coal,  is  a  peculiar  and  hitherto  unknown 
lubftance,  which  is  partly  in  the  fiate  of  vegetable  refin,  and 
partly  in  that  of  the  bitumen  called  afphaltum,  the  refin 
being  in  the  largcif  proportion,  as  lot)  grains  of  the  above- 
mentioned  fubfiance  afforded. 


Refin 

- 

- 

- 

55 

Afphaltum 

- 

- 

» 

41 

Bar  thy  refiduum 

■» 

• 

• 

|  ci 

1 

1  bus  we  have  an  infiance  oi  a  lubltance  being  found  under 
circumftances  which  conftitule  a  tollil,  although  the  characters- 
of  it  appertain  partly  to  the  vegetable,  and  partly  to  the  mineral 
kingdom. 
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§  VI. 

The  powerful  adion  which  alcohol  exerts  on  moft  of  the  Experiments  on 

rcfms,  may  iuftly  be  regarded  as  forming  a  marked  diftindion  b^racn^  by  tllc 
1  1  r  r  .  n  °  action  of  alco- 

between  thole  lubfrances  and  the  bitumens.  But,  as  tome  of  hoi. 

the  bitumens  are  aded  upon  by  alcohol,  in  a  flight  degree,  I 
was  defirous  to  afoertain  whether  a  (mall  portion  of  refill  was 
contained  in  any  of  thefe  ;  or,  if  that  was  not  the  cafe,  I  wifh- 
ed  to  determine  the  nature  of  the  fubfiances  which  could  be 
feparated,  although  very  fparingly,  by  this  menfiruum.  I 
therefore  made  the  following  comparative  experiments,  on 
the  foft  brown  elaftic  bitumen  from  Derbytbire  ;  on  the  genu¬ 
ine  afphaltum  ;  on  ver  s  pure  cannel  coal ;  and  on  the  com¬ 
mon  pit  coal. 

100  grains  of  each  were  digcfied  with  three  ounces  of 
alcohol,  in  matrafies  placed  in  warm  fand,  during  five  days, 
fome  alcohol  being  occafionalfy  added,  to  fupply  the  lofs 
raided  by  evaporation.  After  the  above-mentioned  period 
bad  elapfed,  the  liquid  contained  in  each  matrafs  was  poured 
into  feparate  veflels. 

I.  The  alcohol  which  had  been  digefied  on  the  elafiic  bit u-  Refults, 
men  was  not  tinged,  nor,  when  fpontaneoufly  evaporated,  did 

it  leave  any  film  or  fiain  on  the  glafs. 

II.  From  afphaltum,  the  alcohol  had  extracted  a  yellow 
tincture,  which,  in  fome  fituations,  appeared  of  a  pale  olive 
colour,  and,  being  fpontaneoufly  evaporated,  a  thick  brown 
liquid  was  depofited,  in  fmall  drops,  on  the  glafs ;  thefe  drops 
did  not  become  hard  after  two  months,  and  poflefled  the 
odour,  and  every  other  property,  of  petroleum.  The  afphal¬ 
tum  had  loft  in  weight  about  one  grain  and  a  half. 

III.  The  cannel  coal  had  communicated  a  pale  yellow  tint 
to  the  alcohol,  which,  in  the  manner  above  defcribed,  was 
afcertained  to  be  caufed  by  petroleum  ;  but,  from  the  fmall- 
nefs  of  the  quantity,  the  weight  could  not  be  determined. 

IVr.  The  alcohol  which  bad  been  digefted  on  pit  coal,  had 
not  aft'umed  any  colour  ;  but,  by  fpontaneous  evaporation*, 
it  left  a  film  on  the  glafs,  which,  by  its  odour,  was  alfo  found 
to  be  petroleum. 

Bv  thefe  experiments  we  find,  that  the  adion  of  alcohol  on  Alcohol  a£t$ 
the  bitumens  is  very  flight;  and  that  the  fmall  portion  which  on  hltu" 

*  Spontaneous  evaporation,  by  expofure  to  the  air,  was  em¬ 
ployed  in  thefe  experiments,  for  realons  which  muft  be  fufficiently 

ebviou  s. 

may 
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may  thus  be  extracted  from  fome  of  them,  is  petroleum.  In 
thefe,  the  procefs  of  bituminization  (if  I  may  be  allowed  to 
employ  fuch  a  term)  appears  to  have  been  completed,  whilB 
in  the  Bovey  coal,  and  efpecially  in  the  (ubftance  which  ac¬ 
companies  it,  nature  feems  to  have  performed  only  the  halt 
of  her  work,  and,  from  fome  unknown  caufe,  to  have  flopped 
in  the  middle  of  her  operations.  But,  by  this  circumltanee, 
much  light  is  thrown  on  the  hiflory  of  bituminous  lubflances ; 
and  the  opinion,  that  they  owe  their  origin  to  the  organized 
kingdoms  of  nature,  efpecially  to  that  of  vegetables,  which 
hitherto  has  been  fupported  only  by  prefumptive  proofs,  feems 
now,  in  a  great  meafure,  to  be  confirmed,  although  the  caufes 
which  operate  thefe  changes  on  vegetable  bodies  are  as  yet 
undifcovered. 

Many  fads  indicate,  that  time  alone  does  not  reduce  ani¬ 
mal  or  vegetable  bodies  to  the  Bate  of  foflils.  In  this  country, 
there  are  numerous  examples  of  large  quantities  of  timber, 
(even  whole  forefts)  w  hich  have  been  fubmerged  prior  to  any 
tradition,  and  which  neverthelefs  completely  retain  their  lig¬ 
neous  characters.*  Other  local  caufes  and  agents  mull  there¬ 
fore  have  been  required,  to  form  the  varieties  of  coal  and 
other  bituminous  fubflances.  In  fome  infiances  (as  in  the 
formation  of  Bovey  coal),  thefe  caufes  feem  to  have  a£led 
partially  and  imperfeClly,  whilft,  in  the  formation  of  the 
greater  part  of  the  pit  coals,  their  operation  has  been  exten- 
five  and  complete. 

In  the  pit  coals,  the  mineral  characters  predominate,  and 
the  principal  veltige  of  their  real  origin  feems  to  be  bitumen  ; 
for  the  prefence  of  carbon  in  the  Bate  of  oxide,  cannot  alone 
be  confidered  as  decifive. 

Bitumen,  therefore,  with  the  exuviae  and  impreflions  fo 
commonly  found  in  the  accompanying  Brata,  muB  be  more 
immediately  regarded  as  the  proofs,  in  favour  of  the  origin  of 
pit  coal  from  organized  bodies ;  and,  contidering  the  general 
faCts  which  have  been  long  obferved,  together  with  thofe 
lately  adduced  refpeCting  the  Bovey  coal,  and  the  fubBance 
which  is  found  vviLh  it,  we  feem  now  to  have  almoB  unquef- 


*  Phil.  Tranf.  for  January,  1671.  Phil.  Tranf.  Vol.  XIX. 
p.  526.  Ibid.  Vol.  XXII.  p.  <80.  Ibid.  Vol.  XXIII.  p.  1073. 
Ibid.  Vol.  XXVII.  p.  298.  Ibid,  for  1799,  p.  145. 
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tionable  evidence,  that  bitumen  has  eflentially  been  produced 
by  the  modification  ot  feme  o(  the  proximate  principles  of 
vegetables,  and  efpecially  refin. 

Modern  chemifiry  had  comparatively  made  but  a  fmall  pro-  Whether  they 
grefs,  when  the  illufirious  Bergmann  publ i flied  his  Differtation,  be  of  'gneous 
entitled,  Producta  Ignis  fubterranei  client  ice  confiderata  ;  for,  attionT^  forma” 
that  time,  the  extent  and  power  ot  chemical  action,  in  the 
humid  way,  were  very  imperfectly  underftood.  In  that  part, 
however,  ot  the  above  work,  where  he  fpeaks  of  the  fotfil 
wood  ot  Iceland,  called  Surturbrand,  he  evidently  appears 
doubtful  how  far  volcanic  fire  may  have  adted  upon  it  ;  al¬ 
though  he  conceives  that,  in  the  formation  of  it  there  has  been 
fome  conned! ion  with  volcanic  operations.  His  words  are, 

4t  'Hind  de  ligno  fojjili  ljlandia?  fentiendum  fit,  gnaro  in  loco  na- 
tali  contemplatori  decidendum  relinquimus.  Interea ,  ut  cum 
vulcani  opemtionibus  nexum  credamus,  pi  ares  fuadent  rationes , 
quamvis  hucnfque  moduni  ignoremns ,  quo  Jitum  texturamque  ad - 
quifiverunt  fuec  ftrata: ’  It  certainly  was  very  natural  that 
Bergmann  fhould  entertain  this  opinion,  in  refpedt  to  the  fur- 
turbrand  ;  and  it  is  remarkable,  that  the  leaves  contained  in 
the  fchiftus  lately  deferibed,  are  of  the  fame  nature,  and  are 
found  in  the  fame  country.  The  leaves  alfo  deferibed  by  Mr. 

St.  Fond,  are  likewife  found  in  a  country  which,  according  to 
him,  was  formerly  volcanic.  Were  thefe  fubfiances,  there¬ 
fore,  never  found  but  in  countries  which  eitiier  adtuallv  arc  < 
or  were  volcanic,  we  fhould  be  almoft  compelled  to  believe, 
with  the  Swedifii  profefTor,  that  the  operations  of  fubterra- 
neous  fires  have  been  concerned  in  the  formation  of  thefe 
bodies,  or  rather  in  the  converfton  of  them  into  their  prefent 
Hate. 

But  fimilar  fubfiances  are  found  in  countries  where  not  the  They  are  found 

fmalleft  veftige  of  volcanic  effedls  can  be  difeovered,  and 'f  Countlies  evi“ 
i-A  n-  n  ,  ,  .  r  ,  11/'.  dently  not  vol- 

JJevonmire  mott  undoubtedly  is  luch  ;  yet,  nevertnelels,  the  can^Ct 

Bovey  coal  is  there  found  fimilar  to  the  furturbrand,  in  mod 

of  the  external,  and  (from  experiments  which  I  made  fome 

years  ago,  I  believe  1  may  fay)  chemical  properties  ;  to  which 

inufl  be  added,  that  both  thefe  fubfiances  perfedly  refemble,>C^;0 

each  other,  by  forming  regular  firata.* 

M 

*  Tranf.  of  the  Linnean  Society,  Vol.  IV.  p.  138.  Von  Troil’s 
Letters,  p.  42.  Ofiufcula  Bergmanni ,  Tom.  III.  p.  239. 
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Moreover,  the  half  charred  appearance  of  Bovey  coal,  and 
of  furturbrand,  cannot  be  adduced  as  any  proof,  that  the 
original  vegetable  bodies  have  been  expofed  to  the  partial 
effects  of  fublerraneous  fire ;  for,  at  this  time,  we  know  that 
the  oxidizement  of  fubftances  is  performed,  at  leafi  as  fre¬ 
quently,  and  as  efFedtually,  by  the  humid  as  by  the  dry  way. 
]t  would  therefore  be  foperfluous  here,  to  enter  into  an  ela¬ 
borate  di  feu  (lion,  to  prove  that  coal  and  bitumen,' with  much 
greater  probability,  have  been  formed  without  the  interven¬ 
tion  of  tire;  and  I  am  the  lefs  inclined  to  fay  more  upon  this 
fubjecl,  as  I  have  already  publi filed  fome  confiderations  on  it 
in  a  former  paper.* 

Before  I  conclude,  I  mufi  beg  leave  to  obferve,  that  as  the 
fubfiance  which  is  found  with  the  Bovey  coal  is,  in  every 
refpeft,  fo  totally  different  from  any  of  the  bitumens  hitherto 
difeovered,  it  feems  proper  that  it  (hould  receive  fome  fpecific 
name;  and,  as  it  has  been  proved  to  confifi  partly  of  a  refin 
and  partly  of  a  bituminous  fubfiance,  I  am  induced  to  call  it 
Retinufphaltum,  f  a  name  by  which  a  full  delinition  of  its  nature 
is  conveyed. 

I  have  lately  feen,  in  No.  85  of  the  Journal des  Mines,  p.  77, 
an  account  of  a  peculiar  combuftible  fotlil,  found  near  Helbra, 
in  the  county  of  Mansfield,  and  described  by  Mr.  Voight,  in 
his  Verfuch  einer  Gefchichte  der  Steinkohle,  dor  Braivnkohle ,  See. 
p.  188.  This  fubfiance  is  of  an  afh-coloured  gray,  pafiing 
to  grayifh-white  ;  it  is  found  in  a  bed  of  bituminous  vegetable 
earth,  which  has  apparently  been  produced  by  the  decompo- 
fition  of  fofli!  wood.  The  purefi  fpecimens  are  in  the  form 
of  nodules ;  the  fracture  is  earthy  ;  it  is  opaque  ;  foft  ; 
brittle  ;  and  is  very  light.  When  applied  to  the  flame  of  a 
candle,  it  burns  and  melts  like  fealing-wax,  at  the  fame  time 
diffuGng  an  odour  which  is  not  difagreeable.  This  fubfiance 
appears  to  accord  in  fo  many  properties  with  the  retinaf- 
phaltum  of  Bovey,  that  I  cannot  but  fufpeft  it  to  be  of  a 
fimilar  nature,  and  I  have  little  doubt  that,  by  a  chemical  ex¬ 
amination,  it  will  be  found  to  contifi  partly  of  refin  and  partly 
pf  bitumen. 

*  Tranf.  of  the  Linnean  Society,  Vol.  IV.  pp.  141,  &c. 
j-  From  fni'Mj  refin  j  and  eca<pu?J&’)  bitumen. 
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Account  and  Defer iption  of  an  improved  Air  rump.  By  Air, 

N.  Mendelssohn. 

To  Mr.  NICHOLSON. 

SIR, 

vDn  entering  into  bufinefs,  as  a  mathematical  in flrument- Introductory 
maker,  I  refolved  to  make  it  my  principal  Rudy  to  introduce 
into  them  all  the  improvements  which  the  prefent  advanced 
Rate  of  fcience,  the  nature  of  the  fubjeit,  and  my  humble 
abilities  would  allow.  Thus  I  have  begun  with  improving 
Volta’s  electrical  lamp  and  the  air-pump.  I  imagine,  I  have 
rendered  the  conftruCiion  of  the  latter  much  more  fimple  than 
it  ulually  is,  and  consequently  let's  liable  to  derangement,  at 
the  fame  time  that  it  potfeffes  a  very  great  exhautling  power. 

Give  me  leave,  Sir,  to  otfer  you  a  defcription  of  this  improved 
air-pump  with  the  requifite  drawings.  It  is  ready  for  your  in- 
fpection.  I  fhall  think  myfelf  very  happy,  if  this  ufe fill  phi- 
lofophical  inRrument  meet  with  your  approbation.  And  if  it 
be  fo  fortunate,  I  requeft  you  the  favour  of  introducing  it  into 
public  notice,  by  inferting  my  paper  in  your  excellent  and 
defervedly  celebrated  Journal. 

I  am,  with  the  higheR  eReem,  Sir, 

Your  humble  and  obedient  fervant, 

N,  MENDELSSOHN. 

No.  50,  Surry-Strect,  Black-Friars , 

Feb.  13,  1805. 

Not  with  handing  the  many  improvements  which  have  been  Defcription  of 
made  upon  the  conflruction  of  the  air-pump,  it  was  Rill  de- 
Rrable  that  this  inftrument  fhould  be  more  Amplified  in  its  pump, 
mechanifm,  and  yet  pofiefs  the  fame  advantages  of  thole  con- 
Rrucled  lately.  That  the  mechanical  power  of  the  pump,  and 
not  the  pretTure  of  the  air,  fhould  open  the  valves,  has  long 
been  required  and  already  done  by  Mr.  Cuthbertfon,  Mr.  Haas, 
and  feveral  other  fkilful  arliRs;  but  may  I  be  allowed  to  remark, 
that  on  reading  the  defcription  of  their  inRruments,  they  ap¬ 
peared  to  me  to  be  too  compounded.  It  muR  be  very  diliicuit 
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for  an  experimental  philofopher  to  clean  an  inftrument  which, 
being  thus  complicated,  is  not  only  rendered  intricate,  but  is 
a!fo  difficult  to  be  put  together  again.  Being  defirous,  there¬ 
fore,  to  fimplify  this  inllrument,  I  adopted  the  conftrudlion 
here  deferibed,  by  which  it  is  capable  of  being  put  together 
in  lefs  than  half  an  hour  when  cleaned,  and  requires  that 
operation  very  feldom. 

I  fubmitto  the  judgment  of  your  fcientific  readers  hqw  tar  the 
prefent  inllrument  anlwers  its  defired  purpote.  I  have  rejected 
that  tube  which,  in  common  air-pumps,  leads  from  the  valves 
to  the  receiver,  together  with  the  cock  that  ferves  to  fliut  this 
pipe:  the  receiver  is  placed  immediately  upon  the  valves, 
thefe  being  put  on  the  top  of  the  cylinders,  which,  confe- 
quently,  required  the  rack  work  and  pinion  to  be  underneath, 
and  inverted  the  whole  inftrument.  See  ike  adjoining  drain¬ 
ing,  Plate  V J.  where  A  B  and  C  D  reprefent  the  two  cy¬ 
linders  of  glafs  ground  and  poliflierl  infide.  E  and  F  are  the 
two  valves  that  allow  the  cylinders  to  communicate  with  the 
receiver  O  through  two  very  lhort  canals  AB  and  C  D  (Fig  2, 
Plate  VII)  and  the  cock  G.  Two  other  valves  that  open  into 
the  atmofphere  are  within  the  covers  i  and  k ,  as  may  be  feen  in 
Fig.  1,  where  e  reprefcnts  one  of  them.  M  N  is  the  receiver- 
plate  of  glals  ground  flat  ;  V  Q  a  barometer-gauge,  upon 
the  plan  of  thefirit  Torricellian  tube,  as  the  eafleft  to  conftruct 
and  the  moll  infallible  in  its  eflects.  it  will  be  found  to  be 
here  quite  out  of  the  way,  fecure  from  being  broke  by  accident, 
and  the  mod  in  tight.  H  K  and  I  L  are  two  brafs  j  illars  that 
fupport  the  whole.  R  SVW  the  ufual  rackwork,  having  a 
double  winch  Im ,  which,  upon  trial,  will  be  found  preferable  to 
a  tingle  one. 

It  will  now  be  neceflary  to  (lievv  how  this  pump  a6ls,  in 
which  it  will  be  fufficient  to  explain  the  aftion  of  one  cylinder, 
becaufe  the  other  is  in  all  parts  alike.  E  is  a  conical  metallic 
valve,  from  which  a  canal  goes  through  the  cock  G  up  to  the 
receiver,  as  is  ieen  in  Fig.  1  and  2,  Plate  VII.  where  all  the 
parts  are  marked  with  the  fame  letters.  E  T  is  a  fteel  rod 
going  through  a  leather  box  in  the  pifton  U.  The  top  of  this 
rod  is  fixed  to  the  valve  E,  and  its  bottom  part  Hides  in  a 
Fmal!  hole  with  an  allowance  of  0,1  inch  up  and  downward, 
confequently  the  valve  E  can  move  no  farther.  When  the 
pifton  defeends,  it  firft  opens  the  valve  by  puihing  the  rod  to 

the 
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the  bottom  of  the  hole.  Then  it  Hides  down  along  the  rod  Defcriptiou  of 

E  T,  and  the  air  from  the  receiver  has  now  free  accefs  to  the  Mendel^°*\n*s 

«•  i  XT-.  .  improved  air- 

cylmder.  v\  hen  the  piflon  returns  it  lifts  the  rod  E  T,  and  pump. 

thus  (huts  up  the  valve.  Then  the  piflon  Hides  again  along 

the  rod  up  to  the  top  of  the  cylinder,  condenfing  the  air 

above  it,  which  air,  by  the  leaH  condenfation,  opens  a  valve  e, 

Fig.  2,  and  efcapes  freely  into  the  atmolphere.  This  la  ft 

valve  has  neither  (pring  or  additional  weight  to  fhut  it,  but 

fhuts  by  its  own  weight  (about  a  quarter  of  an  ounce)  as 

foon  as  the  pifton  is  arrived  to  the  top  of  the  cylinder. 

The  cylinders  are  made  of  glafs,  and  the  pijions  of  tin,  fb 
tt ell  fitted  as  to  be  air-tight ,  without  the  interpojition  of  any 
leathers.  The  fri&ion  of  thefe  two  bodies  is  fmall  beyond  ex¬ 
pedition,  a  fufficient  proof  that  they  will  be  durable.  They 
poflefs  the  further  advantage  of  being  capable  of  Handing  for 
even  fix  months,  after  which  time  they  will  ferve  without 
being  cleaned  or  repaired,  becaufe  they  are  not  liable  to  be 
corroded  by  the  oil  which  they  contain,  an  inconvenience  too 
general  in  brafs  cylinders.  After  all,  if  the  prefent  pump 
(hould  want  cleaning,  it  is  an  eafy  operation  to  take  off  the 
top  piece  gh,  by  unfcrewing  the  nuts  Hand  I,  when  this 
piece,  with  all  the  apparatus  upon  it,  will  come  off.  (  Then 
each  cylinder  may  very  eafily  be  Hid  off  from  the  piHon, 
wiped  out  and  replaced,  after  having  greafed  ite  in  tide  with  a 
little  of  the  cleanefl  fweet  oil  :  The  top  is  then  to  be  put  again 
in  its  place,  and  the  two  nuts  El  and  I  being  fcrevved  upon 
it,  the  inHrurnent  is  ready.  Neither  racks  or  pinion  need  to 
be  taken  out  of  their  places,  the  cylinders  Handing  above 
them. 

The  cock  is  conflicted  fo,  that,  being  in  the  fituation  re- 
prefented  in  Fig.  I,  the  communication  is  open  between  the 
cylinders,  the  receiver,  and  the  barometer-gauge,  and,  by  a 
quarter  of  a  revolution,  the  cylinders  are  excluded,  the  re¬ 
ceiver  and  gauge  being  Hill  left  in  communication.  A  little 
Hopper  in  Fig.  3,  ground  into  the  cock,  being  open,  air  is 
admitted  to  the  receiver  if  required. 

The  receiver-plate  is  of  glals  ground  flat,  as  was  men¬ 
tioned  before:  this  will  be  found  preferable  to  brafs,  becaufe 
cleaner,  and  never  corroded  by  acids  or  water ;  it  will  betides 
often  prove  very  convenient  in  making  experiments  on  elec¬ 
tricity  in  the  vacuum. 

The 
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The  whole  inftrument  is  fixed  upon  a ‘mahogany  (able, 
which  ferves  as  a  Hand  to  it. 

I  vvili  conclude  by  obferving,  that  neither  the  employing 
of  glafs  cylinders,  or  the  method  of  opening  the  valves,  are 
new,  but,  for  aught  I  know,  this  is  the  firfl  inftrument  oi 
the  kind  ever  executed  in  this  country  ;  as  hkewife  the  idea 
oi  putting  the  valves  at  top,  and  thus  hmphfying  the  inllru- 
raent,  fee  ms  to  have  efcaped  the  attention  of  the  eminent 
artifts  both  here  and  abroad  ;  as  to  my  beft  knowledge,  it  has 
never  been  done  or  defcribed  any  where.  The  metallic  pif- 
ton's,  without  leathering,  mud  certainly  add  to  the  durability, 
and  dimimfh  the  great  labour  that  ufuaUy  attends  working  an 
air-pump. 


IX. 

Letter  concerning  Palladi um ,  from  William  Hyde  Wo l - 
laston,  M.  D.  F.  R.  S.  the  Dif cover er  of  that  Metallic  Body. 


SIR, 


To  Mr.  NICHOLSON 


The  author  I  HE  candour  with  which  you  communicated  all  circum- 
proceed;ngs  re-  ^ances  that  came  to  your  knowledge  concerning  palladium, 
fpe&ing  pal-  at  a  time  when  the  difeoverer  of  that  fubflance  was  yet  un- 

he  isThe°dir-^'C^  ^nown  to  )'0I,>  demands  my  earliell  acknowledgments,  as 

•“%  m  •  I  t  *  j~m  I  .  /-»  c.  n  .  «  i  l  •  n  ^  i  4  I.  I  ...  _*  J  *  I  *.  * 


coverer. 


having  been  the  author  oi  thofe  communications;  and  it  is 
proper  that  I  tliould  alfo  exprefs  the  fatisfaclion  I  received  on 
learning  the  refpectable  tribunal  you  nominated  at  my  requeft, 
for  examining  the  merits  of  any  attempts  that  might  be  made 
to  form  that  (ubdance  artificially. 

Reafons  why  the  As  I  have  already  (hewn  (in  a  paper  which  you  did  me  the 

firftcommunicat- ^oriou r  reprint  in  your  Journal  for  January  laft,  p.  3K) 
ed  to  the  world  by  wfhat  means  a  very  (mall  quantity  of  Palladium  may  be 
anonymoufiy.  extra&ed  from  the  ore  of  platina,  and  as  I  have  there  examin¬ 
ed  the  fynthetic  attempts  to  prove  that  this  body  was  a  com¬ 
pound,  with  a  degree  of  attention  which  I  thought  due  to 
the  chemical  (kill  of  the  perfon  who  propofed  them,  as  well 
as  to  the  degree  of  uncertainty  that  mud  attend  a  fubjeft 
entirely  new  ;  I  cannot  now  adduce  further  chemical  evidence 
and  can  on  1  v  add,  tor  the  information  of  thofe  whofe  judgment 
has  been  biatfed  by  the  difficulty  of  accounting  for  the  pro. 

duclioi) 
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duchon  of  fo  large  a  quantity  of  palladium  as  was  offered  for 
fale,  that  a  proportional  quantity  of  platina,  from  which  the 
whole  w'as  extracted,  was  purchased  by  me  a  few  years  iince, 
with  the  defign  of  rendering  it  malleable  for  the  different 
purpofes  to  which  it  is  adapted.  That  objeft  has  now  been 
attained,  and  during  the  folution  of  it,  various  unfcrefeen 
appearances  occurred,  (ome  of  which  led  me  to  the  ddcovery 
of  palladium  ;  but  there  were  other  circumftances  which  could 
not  be  accounted  for  by  the  exigence  of  that  metal  alone. 
On  this,  and  other  accounts,  I  endeavoured  to  referve  to 
inyfelf  a  deliberate  examination  of  thole  difficulties  which  the 
fubfequent  difcovery  of  a  fecond  new  metal,  that  I  have 
called  rhodium,  has  lince  enabled  me  to  explain,  without 
being  anticipated  even  by  thofe  foreign  chemifts,  vvhofe  at¬ 
tention  has  been  particularly'  direfled  to  this  purfuit, 

I  remain.  Sir, 

Your  obliged  and  obedient  Servant, 

W.  H.  WOLLASTON. 

Feb.  23,  1 S05. 


X. 

Short  Remark  on  Mr.  Walker's  laft  Letter  ref  pelting  Focal 

linages.  F>y  C.  L. 

To  Mr.  NICHOLSON. 

SIR, 

3  WOULD  beg  your  indulgence  for  a  very  fhort  letter,  in  C,  L.  declines 
anfvver  to  Mr.  Ezekiel  Walker.  The  only  reply  which  feems  any/art*ll“r  dl^- 

J  1  •'  culiion  reipect- 

needful,  on  the  fubjedt  of  the  temper  in  which  he  or  I  may  ing Mr. Walker’s 

have  written,  is  that  if  his  fird  paper  had  indicated  more  of  experiments  with 

*  ®  lenses  *  nt 

the  calm  (pi r it  of  philofophy,  as  well  as  of  philofophical  cor-  denies  die  facts, 

redtnels,  my  obfervations  might  either  have  been  unneceffary, 
or,  perhaps,  drawn  up  without  any  extraneous  remark.  As  it 
is,  1  do  not  think  myfelf  entitled,  nor  am  I  indeed  inclined 
to  offer  any  ftrifiures  upon  his  lad  ;  which  I  leave  to  the  un¬ 
biased  judgment  of  your  readers.  On  the  prefent  occahon, 

I  only  with  to  adhere  to  the  experiments.  Men  of  fcience 
will  find  no  difficulty  in  forming  a  proper  edimate  of  our 
reafonings.  In  plain  language,  therefore,  I  will  beg  leave 

tv 
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to  wave  any  attention  to  the  hiftory  of  Mr.  Walker’s  experi¬ 
ments,  upon  which  I  have  animadverted,  and  to  deny  his 
fndts.  What  may  have  deceived  him  in  his  proceedings,  his 
admeafurements,  and  his  repeated  regiftorings,  is  not  lor  me 
to  difcufs.  It  he  will  tend  his  lenles  to  you,  and  you  fliould 
find  that,  under  any  circumftances  whatever  of  diftance  or 
potition,  it  be  potlible,  by  a  mere  alteration  in  the  aperture, 
to  produce  a  difference,  as  2  to  3,  in  the  length  of  the  focal 
image,  (fee  Philof.  Journal,  Vol.  IX.  p.  163.)  1  think  it  will 
be  incumbent  upon  us  to  re-examine  all  the  t’aflsand  demonftra- 
tions,  of  what  we  have  hitherto  been  in  the  habit  of  calling 
the  fcience  of  optics,  in  order  to  reconcile  them  with  fo  flratige 
a  refult. 

I  am.  Sir, 

Your  obliged 

C.  L. 


XI. 


A  Communication  on  the  life  of  Green  Vitriol,  or  Sulphate  of 
Iron ,  as  a  Manure;  and  on  the  Ffficacy  of  paring  and  burn¬ 
ing  depending,  partly,  on  Oxide  of  Iron.  By  George 
Pearson,  M.  D.  Honorary  Member  of  the  Board  of  Agri¬ 
culture^  F.  R  S.  From  a  Communication  made  by  him  to  the 
Board,  and  inferted  in  the  fourth  Volume  of  their  Tranfaftions. 


Sulphate  of  iron 
or  martial  vitriol 
hitherto  fuppofed 
deftru&ive  of 
vegetation. 


— but  the  con¬ 
trary  is  tiue. 


I  TAKE  leave  to  lay  before  this  Honourable  Board,  an  ac¬ 
count  of  a  fubftunce  as  a  manure,  which  I  find,  on  examina¬ 
tion,  is  one  of  the  things,  hitherto  univerlally  believed  to  be 
a  poifon  to  vegetables.  Having  afeertained  that  this  fubftance 
is  what  is  commonly  known  by  the  name  of  vitriol  of  iron  (the 
fulphate  of  iron  of  the  chemifts),  inveterate  opinion  prevented 
me  for  fome  time  from  accepting  the  teftimony  of  it  as  a  ma¬ 
nure;  but  feeling  the  weight  of  the  refpe&able  evidence  by 
whom  it  was  attefted,  after  confideration  I  perceived  that  the 
faft  in  queftion  was  not  at  variance  with  eftabliflied  principles 
of  vegetable  philofophy,  as  I  fliall,  I  think,  make  appear  in 
this  communication. 

My  friend  John  Williams  Willaume,  Efq.  of  Tingrith  in 
Bed  ford  fit  ire,  having  de  fired  his  brother,  Charles  Dymoke 
Willaume,  Efq.  to  aik  my  opinion  of  a  faline  fubftance  col¬ 
lected 
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le<5ted  from  peat,  which  has  been  ufed  with  profitable  confe- 
quences  as  a  manure  in  his  neighbourhood;  1  propofed  a  let 
of  queries  to  Mr.  John  W.  Willaume,  the  anlvvers  to  which, 
in  the  two  following  copied  letters,  comprehend  the  evidence 
I  have  to  offer. 

LETTER  No.  I. 

To  Dr.  Pearfon,  from  C.  D.  Willaume ,  Efq. 

My  dear  Sir, 

I  received  the  inclofed  lafl  Saturday,  and  hope  the  an-  Letter  of  infer- 
fivers  to  your  queries  will  be  fatisfa£tory>  and  tend  to  elucidate  matlon  corlcern' 
this  curious  tubject.  Though  the  anfwers  under  the  article  dujl  dull, 
only  relate  to  your  queries,  yet  my  brother  has  thought  proper 
to  advert  to  the  afhes,  which  >ou  conceive  to  be  a  caput  mor- 
tuum;  but  which  have  been  uted  as,  and  have  been  fuppofed 
to  be,  a  beneficial  manure  from  time  immemorial.  I  have  re- 
ferved  a  piece  of  the  peat  from  which  the  afhes  are  produced, 
and  if  you  would  with  to  analyfe  it,  I  will  fend  it  you.  Fa¬ 
vour  me  with  the  refult  of  your  future  inquiries  on  this  fubjeft, 
and  I  am, 

My  dear  Sir,  youFs  very  fincerely, 

Walham  Green ,  C.  D.  Willaume. 

Aug.  2^  1801. 

LETTER  No.  II. 

From  John  W.  Willaume,  Efq.  to  C.  W.  Willaume,  Efq. 

Queries  propofed  by  Dr.  Pearfon. 

1 .  How  long  has  the  fait  of  peat  been  ufed  ? 


2.  How  much  per  acre  is  laid  on  ? 

3.  On  what  kind  of  lands? 

4.  The  effe&s  of  it  on  vegetation  ? 

5.  Whether  it  is  mixed  with  dung  manure,  or  lime? 

6.  In  what  parts  of  the  country  has  it  been  employed  ? 

7.  Any  other  facts  which  can  be  collected  relative  to  the  ufe 
of  this  lub fiance  ? 

In  anfwering  the  above  queries,  I  lhall  divide  the  fubject 
into  three  articles,  1  fi,  the  peat  confidered  as  an  object  of  fuel ; 
2d,  the  afhes;  3d,  the  fait  of  peat,  or  dull;  the  two  iafi  as 
objects  of  manure. 

1.  Peat 


Queries  refpeA- 
ing  fait  of  peat. 
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Defcription  of 
peat. 


1 .  Peat .  The  peat,  which  is  found  after  the  removal  of  the 
turf  or  exterior  furface,  to  about  a  fpade’s  depth,  has  long 
been  known  as  an  article  of  fuel.  It  is,  however,  ufed  only 
by  cottagers,  who  burn  it  on  a  brick  hearth;  it  has  been  re¬ 
jetted  from  the  parlour,  the  kitchen,  the  brewhoute,  &c.  as 
being  injurious  to  grates,  and  to  all  forts  of  veffels  put  on  it; 
it  cannot,  be  employed  in  the  loading  of  meat,  as  it  will  im¬ 
part  a  difagrecable  tade,  and  it  is  dedruclive  of  all  forts  of  fur¬ 
niture  by  the  effluvia  which  if  emits,  or  by  the  dud  or  allies 
which  may  chance  to  be  blown  from  it.  It  ihefe  difagreeable 
confequences  could  be  obviated,  it  might  be  made  an  article 
of  general  confumption  as  a  fubdilute  for  coal,  much  to  the 
advantage  of  the  feller  and  confumer ;  it  is  dug  out  in  the 
form  of  a  brick  to  a  certain  depth,  well  known  to  the  common 
labourer.  This  depth  mud  be  carefully  attended  to,  led  you 
Ihould  cut  out  the  daple,  in  which  cafe  it  would  never  be  re¬ 
trieved  ;  but,  this  circumdance  attended  to,  it  will  grow 
again  to  its  former  date  in  the  Ipace  of  fifteen  years.  Thus 
the  whole  moor  is  divided  into  proper  portions,  and  periodi¬ 
cally  cut  once  in  fifteen  years. 

2.  Ajhes,  The  turf  or  furface,  and  fuch  parts  of  the  peat 
as  do  not  appear  to  be  of  the  bed  quality,  are  laid  up  in  cou- 
dderable  heaps,  and  reduced  to  allies  by  the  attion  of  fire. 
The  ajhes  arc  red. 

AnJ'uer  to  Queries. 

Anfwers  to  the  h  The  afhes  have  been  long  known  as  a  manure,  and  the 
queries  as  to  the  demand  is  on  the  increafe. 

2.  The  quantity  ufually  laid  on  an  acre,  by  fpreading  or 
fowing  it,  is  fifty  bufliels,  either  on  grafs  or  arable  land. 

3.  It  is  laid  on  hot  land.  By  hot  land,  we  underdand 
fandy,  gravelly,  chalky  foils  of  a  dry  nature,  fuch  as  are 
burnt  up  on  the  long  continuance  of  hot  weather.  It  is  mod 
commonly  ufed  for  grades ;  but  is  in  condderable  edeem,  as  a 
manure,  for  oats  or  barley  on  land  of  the  nature  above-men¬ 
tioned. 

4.  The  vegetable  edett  is  furprifing,  inafmuch  as  it  will 
double  or  treble  a  crop  of  any  new  fown  grafs,  fuch  as  trefoil, 
&c.  I  have  feen  the  benefits  arifing  from  it  on  old  padure 
land  much  overgrown  with  mofs,  which  it  cffettually  dedroys, 
and  produce^  in  its  dead  white  or  Dutch  clover.  You  may 

trace 
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trace  to  an  inch  the  ceflation  and  recommencement  of  this 
manure.  It  is  obfervable,  that  near  the  fire  heaps,  as  far  as 
the  wind  can  carry  the  lighter  parts  of  the  athes,  the  produc¬ 
tion  of  clover  is  lure  to  be  abundant;  it  is  equally  favourable 
to  the  growth  of  barley  or  oats. 

5.  It  is  not  mixed  with  lime,  or  any  other  manure. 

6.  1  hole  afhes  are  bought  by  a  fet  of  higlers,  who  carry 
them  in  bags  loaded  on  alTes  to  a  confiderable  difiance,  where 
they  are  known  to  be  in  great  repute;  they  muft  come  excef- 
fively  dear  to  the  confumer  by  this  mode  of  conveyance.  The 
farmers  in  the  vicinity  fend  for  them  in  waggons,  particularly 
Mr.  Brumiger,  near  Sundon  in  Bedfordftiire,  a  confiderable 
and  intelligent  farmer,  who  increafes  his  confumption  every 
year,  both  for  his  grafs  and  arable  land. 

3.  The  Salt  of  Peat ,  or  Duft, 

Anfwer  to  Queries. — J.  The  duft  or  gray  faline  fubftance  is  Anfwers  refpe£U 
produced  by  beating  the  earth  containing  this  fait  to  a  pow-  clie  ^ 
der ;  it  is  found  in  particular  fpots,  not  univerfally,  the  earth 
not  being  equally  impregnated  with  it  in  all  places;  it  has  not 
been  known  as  a  manure  above  fix  years ;  but  on  trial  greatly 
increafes  in  reputation  and  demand. 

2.  Fifty  bulhels  are  the  proper  quantity  per  acre.  This 
fiiould  not  be  exceeded,  for  if  it  be  laid  on  in  too  great  abun¬ 
dance,  it  may  prove  extremely  deleterious. 

3.  It  is  ufed  for  cold  lands.  By  cold  lands  we  underftand 
clayey,  or  any  wet  grounds. 

4.  It  will  much  improve  the  vegetation  of  lowed  grades, 
and  old  pafture,  and  is  equally  favourable  to  the  production  of 
corn  ;  the  ground,  whether  grafs  or  arable,  being  of  a  cold 
nature. 

5.  It  is  not  mixed  with  lime,  or  any  other  fubftance. 

0.  The  duft  is  likevvife  bought  by  the  higlers,  and  carried 
to  great  diftances.  The  nearer  farmers  likewife  lend  for  the 
duft  in  waggons,  particularly  Mr.  Anftie,  of  Dunftable  Hough¬ 
ton,  and  Mr.  Smith,  of  Sundon,  who  hold  this  manure  in 
great  efteem. 

Your’s,  &c. 

Tingrilh,  Aug.  19,  1801.  J.  W.  Will  acme. 
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Dr.  Pear  fan's  Experiments,  Obfcrvations ,  and  Remarks  on  the 
Subjlanee  called  Salt  of  Peat,  or  Dnjt. 

Dr.  Pearfon’s  1.  It  is  a  blackifh  gray,  coarfe,  and  rather  heavy  powder. 

chemical  exami-  jqas  no  fmel|  .  t  a  ties  ftrongly  flvptic;  readily  diilblves  in  the 
nation  of  fait  of  ,  ...  ...  r  r  .1  '  • 

peat  or  duft.  mouth  ;  did  not  dehqueice  on  expolure  to  the  air. 

2.  DifTolves  in  four  times  its  weight  of  water  of  the  tem¬ 
perature  of  fixlv  degrees  of  Fahrenheit,  and  in  twice  its  weight 
of  boiling  hot  water,  giving  a  pale  green  coloured  folution, 
with  a  trifling  fediment,  which  is  infoluble  in  muriatic  acid. 

3.  To  the  folution  (2.)  I  added  a  little  liquid  prufliate  of 
vegetable  alkali  in  a  perfectly  neutral  ffate,  which  occafioned 
immediately  a  mofl  abundant  precipitation  of  prutliate  of 
iron;  and  this  tefi:  was  added  gradually,  till  no  further  precipi¬ 
tation  took  place. 

4.  Into  the  decanted  and  filtrated  fluid  (3)  was  poured  li¬ 
quid  cauftic  volatile  alkali,  but  without  inducing  anv  change. 

5.  Into  the  fame  fluid  (3)  was  poured  liquid  carBonat*  of 
vegetable  alkali,  which  produced  a  fcarcely  perceivable  cloudy 
appearance. 

6.  Into  the  folution  (3)  was  dropped  the  aqueous  folution 
of  muriate  of  baryt,  which  occafioned  immediately  a  milky 
appearance. 

7.  Fo  the  folution  (3)  I  added  the  oxalic  acid,  and  turbid- 
nets  entued. 

8.  A  little  of  the  powdery  fubfiance,  called  the  fait  of  peat, 
with  concentrated  fulphuric  acid,  produced  no  emifiion  of 
fumes,  nor  fmell. 

9.  The  folution  (2)  with  muriate  of  baryt,  immediately 
grew  thick  and  white  as  cream. 

10.  The  folution  (2)  with  carbonate  of  potath,  depofited  a 
very  copious  greenith  fediment;  and  the  tame  effect  entued 
with  cauftic  volatile  alkali. 

1 1.  The  folution  (2)  with  oxalic  acid,  gave  infiantly  a  very 
turbid  bluifli  green  precipitation. 

rI  he  preceding  experiments  manifefied  that  the  peat  fait  con- 
fifls  of  fulphate  oj  iron,  vulgarly  called  green  vitriol  of  iron, 
mixed  with  a  very  minute  proportion  of  filicious  earth,  and  of 
lime  united  either  to  tulphuric  acid,  or  to  carbonic  acid.  But 
the  prefence  ol  the  earths  magnefia  and  argil!;  the  uncoin- 

bined 
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bined  alkalies;  the  uncombined  acids;  are  by  thefe  experi¬ 
ments  excluded.  In  lhort,  the  fait  of  peat  is  almoll  pure  ful- 
phute  of  iron. 

Remarks. 

1.  The  fait  of  peat  is,  I  apprehend,  depofited  by  evapo-  Salt  of  peat  how 
rations  which  run  over  the  moors,  where  it  is  found;  and  Prociuced« 
hence  I  fhould  exped  many  of  fuch  waters  to  be  ftrongly  im¬ 
pregnated  w'ith  it,  and  in  many  parts  the  foil  to  be  tinged  red 

and  yellow  by  ochre.  Very  likely  *  on  enquiry  much  iron 
pyrites  will  be  found  on,  or  near  the  moors. 

2.  The  quantity  fpread  on  land  is  faid  to  be  fifty  bufliels  per  quantity  mult 

acre,  which  I  eftimate  at  2,250  pounds  avoirdupoife  ;  this  will  as 

give  near  feven  ounces  and  a  half  per  fquare  yard.  If  a  larger 

quantity  be  applied,  it  is  obferved  it  will  prove  extremely  de¬ 
leterious.  This  is  true  alio  of  every  other  manure,  fuch  as 
lime,  alkaline  falls,  marine  lalt,  nay,  of  the  dung  of  animals  : 
for  if  they  be  ufed  in  certain  quantities,  they  poifon  plants,  in- 
ftead  of  promoting  their  growth.  This  is  equally  true  in  the 
animal  kingdom  ;  for  there  is  not  an  article  taken  as  food,  or 
as  feafoning,  which  is  not  a  poifon,  if  taken  in  certain  quan¬ 
tities.  A  human  creature  may  be  poifoned  or  alimented  by  and  it  is  hurt- 
beef  or  pudding,  according  to  the  quantity  of  them  taken  into  fo0(jYn<i 

the  ftomach.  He  may  be  poifoned,  or  have  digeftion  greatly  condiments  alfo 
aflifted  by  fait,  or  pepper,  according  to  their  quantity.  Inare* 
brief,  the  vulgar  notion  of  the  term  poifon  is  erroneous :  for 

by  it  is  conceived  that  iubfiances  fo  called  are  in  their  nature 

-  , 

pofitively  deftruciive  of  life  ;  but  the  truth  is  that  the  mod  vi¬ 
rulent  poifons  are,  in  all  reafon  and  fad,  only  deleterious  ac¬ 
cording  to  the  quantity  applied.  White  arfenic  (wallowed  in 
the  quantity  of  ten  grains  or  lefs,  will  deftroy  life;  but  in  the 
quantity  of  one-fixteenth  of  a  grain,  it  is  as  harmlefs  asaglals 
of  wine  ;  and  further,  in  that  dofe  is  a  remedy  for  inveterate 
agues. 

From  thefe  confideralions  I  conclude,  that  there  is  no  ad- 
miffible  contradictory  evidence  to  the  teitimonies  for  the  fer- 

•  “  This  is,”  fays  Mr.  Willaume,  “  exadly  the  fad.  This  ful- 
phate  of  iron,  the  fait  of  peat,  during  the  heat  of  the  fummer  is 
frequently  found  in  a  chryftalized  (tate,  very  white,  and  crackling 
under  the  feet  j  but  is  deliquefeent  in  that  form,  and  turns  to  its 
former  dark  colour  when  the  air  becomes  moift.”— A^tf  ly  Mr.  J. 

V/.  Willaume. 
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tilizing  effect  of  fulphale  of  iron,  unlefs  by  fuch  contravening 
evidence  the  quantity  ftated  to  be  ufed  exceed  fifty  bufliels  per 
acre;  it  being  an  eftablifhed  faCt,  that  in  certain  proportions 
this  metallic  fait  is  a  poifon  to  plants. 

This  difcovery  of  Mr.  Willaume  will,  I  think,  give  new 
light,  fo  as  to  explain  fully  the  rationale  of  the  improvement 
of  land  by  the  burnt  earth  and  afhes  from  paring  and  burning. 
It  is  ufual  to  acc  ount  for  the  effects  of  this  procefs,  by  refer¬ 
ring  to  fuppofed  alkaline  or  other  falts ;  but  of  thefe  there  is  no 
evidence,  nay,  on  trial  I  have  not  deteCIed  them,  or  at  leaf! 
not  in  any  efficient  quantity  ;  but  this  I  know,  that  fuch  earth 
and  afhes  contain  oxide  of  iron,  and  as  I  fufpeCt  of  manganefc ; 
which  from  the  analyfis,  and  the  effect  of  fait  of  peat,  mu  ft 
now  be  admitted  into  the  clafs  of  manures.  This  very  com¬ 
munication  of  Mr.  Willaume,  affords  evidence  of  the  truth  of 
this  conjecture,  for  the  afhes  of  the  peat  which  afford  the  fait 
i(  have  been  long  known  as  a  manure,  and  the  demand  is  on 
the  increafe:”  of  courfe,  thefe  afhes  contain  an  unufual  quan¬ 
tity  of  oxide  of  iron.  A  confequence  of  (his  reafoning  is, 
that  the  burnt  earth  of  foils  will,  c ceteris  paribus ,  fertilize  in 
proportion  to  the  oxide  of  iron  it  contains.  Accordingly  the 
afhes  of  the  peat,  fays  Mr.  Willaume,  have  a  furprifing  ef¬ 
fect,  they  *«  will  double  or  treble  a  crop  of  any  new-fown 
grafs,  fuch  as  trefoil,  &c."  they  are  fo  beneficial,  that  in  fpite 
of  the  expence  they  are  carried  in  bags  by  higlers  to  great  dis¬ 
tances.  It  would  be  extending  this  paper  beyond  the  propofed 
limits,  to  reafon  at  a  greater  length,  and  to  make  a  further  in¬ 
duction  of  faCts :  therefore  I  will  clofe  with  afTerling,  that  the 
more  I  contemplate  the  feds  in  Mr.  Willaume's  letter,  the 
more  evidence  I  perceive  for  the  truth,  that  metallic  falts,  and 
metallic  oxides  in  general,  and  falts  and  oxides  of  iron  in  par¬ 
ticular,  are  manures,  if  applied  in  proper  dofes. 
it  is  confidered  I  do  not  think  it  is  within  the  defign  of  this  paper  to  make 

wcffcCthcupon  obfervations  on  the  anfwers  to  the  2d,  3d,  41h,  5th,  and  6th 

the  fame  pnnci-  .  fl  „  i  t  9 

pie  as  condi-  cjucrics,  except*  once  for  all  defmng  that  it  may  be  under- 

merits  urfejfon-  ftood,  that  I  confider  the  Jalt  of  peat  and  the  afhes  of  peat,  as 

operating  in  promoting  vegetation  analogous  to  feafoning,  or 

condiments,  taken  with  the  food  of  animals  ;  that  is,  analogous 

to  muftard,  cinnamon,  ginger,  &c.  which  are  not  of  them- 

feives  at  ail  or  necefianly  nutritious,  but  contribute  to  render 

other  things  nutritious,  by  exciting  the  a&ion  of  the  ftomach 

and 
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and  other  organs  of  digeftion  and  aflimulation.  I  have  no 
doubt  of  the  truth  of  the  propofition,  that  no  living  thing, 
neither  plant  nor  animal,  can  grow  and  live  in  a  ftate  of  vifi- 
ble  action  without  conftant  fupplies  of  matter  which  has  been 
alive  ;  in  other  words,  living  animals  and  vegetables  can  only 
live  on  dead  animals  and  dead  vegetables.  No  plant,  nor  ani¬ 
mal  has  ever  been  known  by  experience,  nor  in  the  nature  of 
things  does  it  feem  reasonable,  that  they  can  be  nourilhed  by 
mere  water  and  pure  air,  as  fome  perfons  have  alTerted. 

I  (hall  make  a  few  remarks  on  the  other  two  JubJlances  which 
are  the  fubjeCl  of  Mr.  Willaume’s  letter. 
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2.  The  Peat. 

The  peat  is  a  denfe  mafs  of  vegetable  matter  for  a  certain  Chemical  re¬ 
depth,  partly  in  a  dead  and  partly  in  a  living  ftate,  with  which  mark  ort  PeaC* 
is  mixed  more  or  lefs  earth,  and  in  burning  it  affords  fo  much 
empyreumatic  oil,  as  to  give  a  difagreeable  tafte  to  roafted 
provifions;  hence,  as  we  are  told,  it  has  been  rejected  from 
the  kitchen.  This  fuel  affords  a  vaft  quantity  of  what  the 
chemifts  call  lignic  acid ;  hence  it  is  rejected  alfo  from  the 
parlour,  as  very  deftru&ive  to  the  grates.  I  beg  to  fuggeft 
that  this  lignic  acid  might  be  faved  in  burning  the  peat  as  fuel, 
and  be  ufed  for  various  purpofes  in  manufactures;  and  the 
charred  peat  may  be  ufed  in  place  of  charcoal  of  wood.  Pro¬ 
bably  too  other  ufeful  products  will  be  found,  on  examining 
the  matters  more  accurately  which  are  afforded  by  diftillation. 


3.  AJhes. 

If  the  peat  were  mere  vegetable  matter,  the  allies  afforded  The  athe 
Jby  it  would  be  as  trifling  as  thofe  of  wood;  but  fome  parts  of  pcat 
the  moor  contain  fo  much  earth  and  oxide  of  iron,  as  to  leave 
behind,  on  burning,  a  confiderable  quantity  of  incombuftible 
matter;  and  fuch  kind  of  peat,  we  are  told,  is  not  ufed  as 
fuel  ;  but,  after  burning,  the  refiduary  matter  is  an  efficacious 
manure,  much  more  fo  than  is  commonly  afforded  by  paring 
and  burning.  The  allies  are  more  red  and  more  fertilizing 
than  allies  of  common  turf,  becaufe  they  contain  more  iron. 

The  fpontaneous  fpringing  up  of  white  clover,  in  land  ma-  produce 
nured  with  thefe  allies,  is  limilar  to  the  fpontaneous  growth  ofc,0Vcr* 
this  plant  on  heath  land,  which  has  been  covered  with  lime  to 
deftrov  all  its  prefent  vegetation  ;  and  this  faCl  fliews  that  pro¬ 
bably 
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bably  thefe  are  feeds  buried  in  the  earth  for  many  ages,  which 
vet  remain  alive,  but  do  not  grow  until  expofed  to  the  ftimuli 
of  air,  water  calorific,  and  lifelefs  animal,  or  vegetable 
matter. 

(To  he  concluded  in  our  next.) 


XII. 


Letter  from  Mr.  A  ecu  m,  reftpeSting  an  Error  ftated  to  exijl  in 

his  FraEtical  Chemiftry. 


To  Mr.  NICHOLSON. 


SIR, 


Compton- Street,  Soho , 
Feb.  1 6,  1 805 . 


Omiflion  ftated 
to  be  made  in 
Accum’s  che¬ 
miftry. 


Paflage  where 
the  fuppofed 
omiflion  is 
found. 


w  .  F.  C.  cenfures  me  in  your  Journal,  No.  38,  page 
105,  of  not  having  given  in  my  book  on  Practical  Chemiffry 
((  'Die  means  of  preparing  either  nitric  acid,  or  nitrate  of  potafh, 
or  rather  having  ftated  them  by  implication,  as  incapable  of  being 
produced  by  art.”  The  fidelity  with  which  you  have  laid  his 
remarks  before  the  public,  encourages  me  to  hope,  that  with 
equal  impartiality  you  will  allow'  me  to  appear  before  the  fame 
tribunal,  in  order  to  plead  to  this  accufation  not  guilty. 
For  the  method  of  obtaining  nitric  acid  from  its  conftituent 
principles,  W.  F.  C.  may  read  in  theVol.  I.  page  211. 

In  order  to  let  the  judicious  readers  who  are  not  in  poflTeflion 
of  the  work,  judge  for  themfelves,  I  beg  leave  to  lay  before 
them  the  method  there  pointed  out,  which  literally  runs  thus  : 

Fake  a  barometer  tube,  the  diameter  of  which  is  about  ^  part 
of  an  inch.  Shut  one  of  its  extremities  with  a  cork,  through  the 
middle  of  which  pajfes  a  ft mall  wire  with  a  ball  of  metal  at  each 
end.  Fill  the  tube  with  mercury  and  invert  it  into  a  bafon  of  this 
fluid.  I  brow  up  into  this  tube  as  much  of  a  mixture  of  12  parts 
oft  nitrogen  gas,  and  87  parts  of  oxigen  gas  as  will  fill  3  inches . 
I  hr o ugh  this  gas  by  means  of  the  wire  in  the  cork  pafts  a  number 
of  electric  f parks ;  the  volume  of  the  gas  gradually  diminifthes, 
and  in  its  place  will  be  found  nitrous  acid.”  * 


*  Fitrous  acid  does  not  differ  from  nitric  acid ,  in  competition,  but 
meiely  by  the  admixture  of  nitrous  gas.  See  the  book  under  cof>„ 
fideration,  Vol.  II.  p.  288. 
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It  appears  that  W.  F.  C.  has  not  noticed  thefe  lines.  The 
production  of  nitric  acid  by  fynlhefis,  being  here  clearly  dated, 
his  animadverfion  relative  to  that  fubjeCt  tails  to  the  ground. 

To  exculpate  myfelf  from  his  further  accufation,  namely,  of  Other  explana- 
not  having  noticed  the  production  of  nitrate  of  potafh  by  arti¬ 
ficial  means,  or  rather  having  dated  it  by  implication,  will  be¬ 
come  equally  erroneous,  on  reminding  him,  that  the  method 
of  preparing  this  fait  artificially  is  pointed  out,  Vol.  II.  page 
287,  thus,  “  Nitrate  of  potafh  may  be  'prepared,  by  neutralizing 
carbonate  of  potafh  icith  nitric  acid.” 

From  what  has  been  dated,  it  is  obvious  that  W.  F.  C.’s 
remarks  are  not  correCt,  for  both  the  methods  of  obtaining  ni¬ 
tric  acid,  and  nitrate  of  potafh  are  corre&ly  given,  and  not  by 
implication,  as  W.  F.  C.  apprehends. 

I  have  the  honour  to  be,  Sir, 

Your's, 

FREDERICK  ACCUM. 


XIII. 


Procejfs  for  obtaining  a  durable  and  fuperior  Lake  from  Madder. 
By  Sir  H.  C.  Engle  field,  M.P.  F.R.S.* 


JTlTEwant  of  a  durable  red  colour,  which  diould  podefs  Introduction, 
fomething  of  the  depth  and  tranfparency  of  the  lakes  made 
from  cochineal,  fird  induced  me  to  try  whether  the  madder 
root,  which  is  well  known  to  furnidi  a  dye  lefs  fubjeCt  to  change 
by  expofure  to  air,  than  any  other  vegetable  colour,  except 
indigo,  might  not  produce  fomething  of  the  colour  I  wanted. 

Several  of  the  mod  eminent  painters  of  this  country  have.  Madder  lakes 
for  fome  time,  been  in  the  habit  of  ufing  madder  lakes  in  oil  ^Jd^ufed^  but 
pictures  :  but  the  colours  they  poffeded  under  this  name  were  they  were  bad. 
either  a  yellowifh  red,  nearly  of  the  hue  of  brick-dud,  or  a 
pale  pink  opake,  and  without  clearnefs  or  depth  of  tint,  and 
quite  unfit  to  be  ufed  in  water-coloured  drawing,  which  was 
the  principal  objeCl  of  my  fearch. 

My  fird  attempts  were  to  repeat  the  procefs  given  by  Mar-  Margraf’s  pro- 
graf,  in  the  Memoirs  of  the  Academy  of  Berlin  :  but  the  co-weak  colour> 


*  From  the  Tranfa&ions  of  the  Society  of  Arts,  who  voted  the 
gold  medal  in  honour  of  this  difeovery.  1804. 

lour 
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becaufe  moft 
ot  the  colour 
remained  in  the 
root. 


Water  takes  up 
little  of  the 
colour. 


Whence  mecha 
nical  prcflure  is 
advisable. 


Procefs  i. 

Two  ounces  of 
madder  were 
pounded  in  a 
bag  with  a  pint 
of  water  3 


lour  produced  by  this  mode  was  of  a  pale  red,  and  very  opake, 
although  the  eminent  author  of  the  procefs  fiates  the  colour  he 
produced  to  be  that  of  “  le  fang  enflamme  ”  which  probably 
means  a  deep  blood  colour.  It  may,  however,  be  oblerved, 
that  colours  prepared  with  a  bafis  of  alumine  will  appear  much 
deeper  when  ground  in  oil  than  they  do  in  the  lump,  the  oil 
rendering  the  alumine  nearly  tranfparent.  This  advantage  is 
however,  loft  in  water-colours.  On  examining  the  refiduum 
of  the  madder  root,  after  it  had  been  treated  in  Margraf’s  me¬ 
thod,  it  appeared  tinged  with  fo  rich  a  red,  that  it  was  obvious, 
that  by  far  the  greater  part  of  the  colour  ftill  remained  in  it, 
and  that  the  moil  powerful  and  beautiful  part.  To  extrafl 
this,  feveral  ineflfedlual  trials  were  made,  which  it  would  be 
ufelefs  to  enter  into;  but,  on  attentively  examining  the  ap¬ 
pearances  which  took  place  on  infufing  the  madder  in  water,  I 
began  to  fufpecl  that  the  red  colouring  matter  was  very  little, 
if  at  all,  foluble  in  water,  and  that  it  was  only  mechanically 
mixed  with  the  water  when  poured  on  the  root,  and  fufpended 
in  it  by  the  mucilage,  with  which  the  root  abounds. 

A  very  fmall  quantity,  therefore,  can  be  obtained  by  any  in- 
fufion  or  decoction,  as  the  greater  part  finksdown  on  the  root, 
or  remains  with  it  on  the  fieve,  or  in  the  bag,  through  which 
the  infufion  or  decodiion  is  patted  to  render  it  clear.  I  there¬ 
fore  was  induced  to  try  whether,  by  fome  merely  mechanical 
means,  I  could  not  feparate  the  colouring  matter  from  the  fi¬ 
brous  part  of  the  root.  In  this  attempt  my  fuccefs  was  fully 
equal  to  my  hopes ;  and,  after  feveral  trials,  I  confider  the 
procefs  I  am  now  about  to  deferibe,  as  the  moft  perfect  I  have 
been  able  to  difeover. 

t 

Procefs  I,  Enclofe  two  ounces,  troy  weight,  of  the  fineft 
Dutch  madder,  known  in  commerce  by  the  name  of  crop 
madder,  in  a  bag,  capable  of  containing  three  or  four  times 
that  quantity,  and  made  of  ftrong  and  fine  calico.  Put  it  into 
a  large  marble,  or  porcelain  mortar,  and  pour  on  it  about  a 
pint  of  cold  foft  water.  The  Thames  water,  when  filtered, 
is  as  good  as  can  be  ufed  ;  it  being  very  nearly  as  pure  as  dil- 
lilled  water,  at  leaft  when  taken  up  a  very  little  way  above 
London.  With  a  marble  or  porcelain  pellle,  prefs  the  bug 
ftrongly  in  every  diredtion,  and,  as  it  were,  rub  and  pound  it 
as  much  as  can  be  done  without  endangering  the  bag.  The 
water  will  very  foon  be  loaded  with  the  colouring  matter,  fo 
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us  to  be  quite  opake  and  muddy.  Pour  off  the  water,  and  The  water  when 
add  another  pint  of  frefli  water  to  the  root,  agitating  and  tri-  [urbld  Wlth  c°- 

*  °  °  lour  is  poured 

turating  it  in  the  manner  before  deferibed;  and  repeat  l he  off  and  another 

operation  till  the  water  comes  off  the  root  very  {lightly  tinged.  ^ 

About  five  pints  of  water,  if  well  agitated  and  rubbed,  will  fore? 

exlracl  from  the  root  nearly  the  whole  of  its  colour;  and  if  Five  fuccefiive 

the  refidual  root  be  taken  out  of  the  bag  and  dried,  it  will  be  ^,nts  <rxtrad*  al1 

°  .  the  colour,  leav- 

found  to  weigh  not  more  than  five  drachms,  apothecaries  ;»g  five  drams  or 

weight;  its  colour  will  be  a  kind  of  light  nankeen,  or  cinna- 

mon,  and  it  will  have  entirely  loft  the  peculiar  odour  of  the 

root,  and  only  retain  a  faint  woody  fmell. 

The  water  loaded  with  the  colouring  matter,  mull  be  put  The  coloured 

into  an  earthen  or  well-tinned  copper,  or,  what  is  ftill  better,  t^hng  hot^ 

a  filver  veffel,  (for  the  ule  of  iron  imift  be  carefully  avoided 

through  the  whole),  and  heated  till  it  juft  boils.  It  mull:  then 

be  poured  into  a  large  earthen  or  porcelain  bafon,  and  an  ounce  and  one  oz.  of 

troy  weight  of  alum  diffolved  in  about  a  pint  of  boiling  foft  a  pin^of^bollin™ 

water,  mud  be  poured  into  it,  and  ftirred  until  it  is  thoroughly  water  added; 

mixed.  About  an  ounce  and  a  half  of  a  faturated  folution  of  T  oz,  °f  n'",cl 

veg.  alk.  afford 

mild  vegetable  alkali  lliould  be  gently  poured  in,  birring  the  a  precipitate  of 

whole  well  all  the  time,  A  considerable  effervefcence  will colour* 

take  place,  and  an  immediate  precipitation  of  the  colour.  The 

whole  (hould  be  Suffered  to  band  till  cold;  and  the  clear  yellow 

liquor  may  then  be  poured  off  from  the  red  precipitate.  A 

quart  of  boiling  foft  water  fhould  again  be  poured  on  it,  and 

well  birred.  When  cool,  the  colour  may  be  feparated  from  Edulcoratlon, 

the  liquor  by  filtration  through  paper  in  the  ufual  way;  and 

boiling  water  fhould  be  poured  on  it  in  the  filter,  till  it  paffes  half  an  ounce 

through  of  a  light  braw  colour,  and  quite  free  from  any  alka-ot  lakc» 

line  tabe.  The  colour  may  now  be  gently  dried  ;  and  when 

quite  dry,  it  will  be  found  to  weigh  half  an  ounce  ;  juft  a  fourth 

part  of  the  weight  of  the  madder  employed. 

Bv  analvfis,  this  colour  potfeifes  rather  more  than  40  per  which  contains 
cent,  of  alumine.  If  lefs  than  an  ounce  of  alum  be  employed  aiumiriC. 
with  two  ounces  of  madder,  the  colour  will  be  rather  deeper  ; 
but  if  lefs  than  three  quarters  of  an  ounce  be  ufed,  the  whole 
of  the  colouring  matter  will  not  be  combined  with  alumine. 

On  the  whole,  I  conlider  the  proportion  of  an  ounce  of  alum 
to  t  wo  ounces  of  madder,  as  the  be b. 

Procefs  2.  If,  when  the  folution  of  alum  is  added  to  the  Procefs  z, 

water  loaded  with  the  colouring  matter  of  the  root,  the  whole  procefs  ^  bc 

be  fuffered  to  cool 
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and  fettle  after 
the  alum  wjS 
added  it  affords 
a  dull  red  fedi- 
ment. 

and  the  remain¬ 
ing  fluid  if 
heated  and  pre¬ 
cipitated  by 


be  fuffered  to  ftand,  without  the  addition  of  the  alkali,  a  con- 
liderable  preci pi tal ion  will  take  place,  which  will  be  ol  a  dark 
dull  red.  The  remaining  liquor,  if  again  heated,  will,  by  the 
admiftion  of  the  alkali,  produce  a  rofe-coloured  precipitate  of 
a  beautiful  tint,  but  wanting  in  force  and  depth  of  tone. 

This  is  the  procefs  recommended  by  Mr.  Watt,  in  his 
alkah^affinds  a  Eflay  on  Madder,  in  the  Annuls  de  chymie,  Tomel  ;  and  this 
fine  but  not  latter  colour  is  w  hat  may  perhaps,  w  ith  propriety,  be  called 
[°\v itCsCprocet'sS  Madder  Lake.  iSut,  although  the  lighter  red  may  be  ex¬ 
cellent  for  many  purpofes,  yet  I  confider  the  colour  produced 
by  the  union  of  the  two  colouring  matters,  as  given  in  the 
fir  ft  procefs,  as  far  preferable  for  general  ule,  being  of  a  very 
beautiful  hue  when  ufed  thin,  and  pofteffing  unrivalled  depth 
and  richnefs  either  in  oil  or  water,  when  laid  on  in  greater 
body. 

Lefs  alumcaufes  If  but  half  an  ounce  of  alum  be  added  to  the  two  ounces  of 

the  fecond  pie-  (|ie  root#  the  flrft  precipitate  will  be  nearly  ftmtlar  to  that 

cipitate  to  be  r  ‘  .  J 

leis  in  quantity,  when  an  ounce  is  employed;  but  the  fecond,  or  lake  pre- 

but  richer.  cipitate,  will  be  lefs  in  quantity,  and  of  a  deeper  and  richer 
tint.  In  this  cafe  the  whole  of  the  colouring  matter,  as  be¬ 
fore  obferved,  is  certainly  not  combined  with  the  alumine  ; 
for,  on  adding  more  alum  to  the  remaining  liquor,  a  pre¬ 
cipitate  is  obtained  of  a  light  purplifh  red.  In  this  procefs 
when  two  ounces  of  madder  and  an  ounce  of  alum  are  ufed, 
the  firft  precipitate  has  about  20  per  cent,  of  alumine,  and 
the  fecond,  or  lake  precipitate,  about  53  per  cent ;  but  thefe 
proportions  will  vary  a  little  in  repetitions  of  the  procefs. 
Procefs 3.  When  Procefs  3.  If  the  madder,  infiead  of  being  wafhed  and 

the  waflnng  is  triturated  with  cold  water,  as  directed  in  the  foregoing  procefs, 
performed  by  '  .  ......  0  1 

boiling  inftead  be  treated  in  exactly  the  tame  manner  with  boiling  water;  the 

of  cold  water,  v  colour  obtained  will  be  rather  darker,  but  fcarcely  of  fo  good 

neither  fo  good  a  t,nt  '■>  anrl  the  rehduum  of  the  root,  however  carefully  prefted 

nor  fo  plentiful,  and  wafhed,  will  retain  a  ftrong  purplifh  hue;  a  full  proof 

that  fome  valuable  colour  is  retained  in  it,  probably  fixed 

in  the  woody  fibre  by  the  action  of  heat.  Mr.  Walt,  in  his 

excellent  treat ife  on  madder  above  mentioned,  obferves 

# 

that  cold  water  extracts  the  colour  better  than  hot  water ;  and 
I  have  reafon  to  fufpect,  that  a  portion  of  that  colouring 
matter,  which  produces  the  bright  red  pigment,  diftinguifhed 
before  by  the  name  of  Madder  Lake,  remains  attached  to 
the  root,  when  added  on  by  boiling  water. 


Procefs  4. 
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Procefs  If  to  two  ounces  of  madder,  a  pint  of  cold  water  Procefs  4.  If  the 
be  added,  and  the  whole  be  fuffered  to  Hand  for  a  few  days  mad<Jer  iur~- 

J  lered  to  Irand 

(three  or  lour  days)  in  a  wide-mouthed  bottle,  lightly  corked,  before  waftin'* 
in  a  temperature  of  between  50°  and  60°,  and  often  fhaken  ;  ior  fome  days  m 

n  -  I  r  •  Ml  1  1  ,  .  r  r  .  cold  water,  the 

a  llight  fermentation  will  take  place,  the  1  million  will  acquire  mucilage  is  de- 

a  vinous  fmell,  and  the  mucilaginous  part  of  the  root  will  be  ftroyed  by  fer- 
in  a  great  degree  deftroyed,  and  its  yellow  colour  much  lef-  the^lo Tr  nu>!e 
fened.  If  the  whole  be  then  poured  into  a  calico  bag,  and  eafi  y  extracted  j 
the  liquor  be  fuffered  to  drain  away  without  preffure,  and  not  u 

then  the  root  remaining  in  the  bag  be  treated  with  cold  water, 

& c.  exactly  as  dire6ted  in  the  firft  procefs,  the  red  colouring 
matter  will  quit  the  root  with  much  greater  eafe  than  before 
fermentation.  It  will  alfo  be  equal  in  quantity  to  that  afford¬ 
ed  by  the  fir fl  procefs,  but  of  a  much  lighter  red.  This  dif¬ 
ference  of  tint  appears  to  be  owing  to.  a  destruction  of  a 
part  of  the  lake  by  the  fermentation  of  the  root;  for  if  the 
colours  from  the  fermented  root  be  obtained  feparate,  as  in 
Procefs  2,  the  firft  precipitate  wflL  not  fenfibly  differ  from 
that  obtained  from  the  unferrnenled  madder,  but  the  fecond, 
or  lake  will  be  of  a  very  light  pink.  This  procefs,  then,  is 
not  to  be  recommended. 

1  •  • 


Spanifh  and  Smyrna  Madders. 

Spanifh  Madder  affords  a  colour  of  rather  a  deeper  tone  Spanifh  madder 
than  the  Dutch  Madder,  but  it  does  not  appear  to  be  of  fo  buth^pure^61" 
pure  a  red  as  the  Zealand  Crop  Madder.  colour  than 

The  Smyrna  Madder  Is  a  very  valuable  root.  The  colour  ?utc^  maclcl,e!* 
produced  from  it  by  Procefs  I,  is  of  a  deeper  and  richer  tint  is  better  than 
than  any  I  have  obtained  from  the  Dutch  Madder.  The Dutcil* 
quantity  produced  from  two  ounces,  is  only  three  drachms, 
twenty-four  grains :  but  this  is  not  to  be  wondered  at ;  for  as 
this  madder  is  imported  in  the  entire  root  in  a  dry  fiate,  and 
the  Crop  Madder  of  Zealand  confifis  principally  of  the  bark, 
in  which  probably  the  greatefl  part  of  the  colouring  (ubfiance 
refides,  there  is  every  reafon  to  think  that  the  Smyrna  madder 
really  contains  a  greater  proportion  of  colour  than  the  Zealand, 
in  equal  weights  of  the  entire  root. 

The  produdls  of  Procefs  2  prove,  that  the  lake  of  the 
Smyrna  madder  is  more  abundant  in  quantity,  and  of  a  richer 
tone  than  that  of  the  Dutch  root;  for,  from  two  ounces  of 
Dutch  madder  the  firfi  precipitate  was  two  drachms,  and  the 
lake  was  two  drachms  and  forty  eight  grains;  whereas,  from 

4  two 
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two  ounces  of  the  Smyrna  root  the  firft  precipitate  was  one 
drachm  and  twenty  four  grains,  and  the  lake  was  two  drachms 
and  twenty-four  grains.  The  proportion  of  the  lake  to  the 
other  colour  is,  therefore,  much  higher  in  the  Smyrna,  than 
in  the  Dutch  root. 


The  recent  root 
is  preferable. 


Experiment  ac¬ 
cording  to  procefs 
I.  with  freth 
madder ; 


very  fuccefsful. 


It  promifes 
great  advantage 
to  the  arts. 


For  if  the  colour 
/hould  arifwer  for 
dying,  4rc.  it 
would  fave  dry¬ 
ing  and  carriage  ; 


Frejh  Madder. 

The  colour  may  be  prepared  from  the  recent  root ;  and  it 
will  be  of  a  quality  equal,  if  not  fuperior,  to  any  other.  The 
difficulty  of  procuring  the  frefh  root  has  prevented  me  from 
making  as  many  experiments  on  it  as  I  could  have  witbed. 
I  procured,  however,  a  fmall  quantity  of  the  beft  roots  packed 
in  mofs  from  Holland,  and  the  following  procefs  anfwered 
perfe&ly  well. 

Eight  ounces  of  the  root  having  been  firft  well  wafhed  and 
cleaned  from  dirt  of  all  kinds,  were  broken  into  fmall  pieces, 
and  pounded  in  a  bell-metal  mortar,  with  a  wooden  peftle, 
till  reduced  into  an  uniform  pafie.  This  pafte  being  enclofed 
in  a  calico  bag,  was  wafhed  and  triturated,  as  deferibed  in 
the  firft  procefs,  with  cold  water.  About  five  pints  feem  to 
have  exl rafted  nearly  the  whole  of  the  colour.  To  the  water 

thus  loaded  with  colour,  and  boiled  as  before,  one  ounce  of 

« 

alum,  difTolved  in  a  pint  of  boiling  water,  was  added,  and 
the  alkali  poured  on  the  whole,  till  the  tafte  of  the  mixture 
was  juft  perceptibly  alkaline.  The  colour  thus  obtained, 
when  dry,  was  of  a  very  beautiful  quality. 

The  fuccefs  of  this  experiment,  which  was  twice  repeated 
with  the  fame  refult,  has  led  me  to  hope,  that  it  is  not  im- 
poftible  that  the  mode  of  obtaining  the  colour  from  the  frefh 
root  here  deferibed,  may  be  produdiive  of  advantages  for 
more  extenfive  ufe  than  I  had  in  view  when  firft  I  attempted 
to  obtain  a  pigment  from  madder.  Many  tracts  of  land  in  this 
country  are  as  well  adapted  to  the  growth  of  this  valuable 
article,  as  the  foil  of  Holland  can  be;  and  the  cultivation  of 
it,  which  has  more  than  once  been  attempted  to  a  confiderable 
extent,  has  been  laid  aftde,  principally  from  the  expence  at¬ 
tendant  on  the  erection  of  drying-houfes  and  mills,  and  the 
great  expence  and  nicety  requifite  for  conducing  the  procefs 
of  drying.  But  lhould  the  colour  prepared  in  the  mode  juft 
deferibed,  be  found  to  anfwer  the  purpofes  of  the  dyers  and 
calico-printers,  the  procefs  is  fo  eafy,  and  the  apparatus  re¬ 
quired 
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«juired  lor  it  fo  little  expenfive,  that  it  might  be  in  the  power 
°t  any  grower  ot  the  root  to  extract  the  colour :  befides 
which,  another  great  advantage  would  be  -obtained;  the 
colour  thus  leparated  from  the  root,  may  be  kept  any  length  may  be  .kept  fur 
time,  without  danger  ot  fpoiling,  and  its  carriage  would  *  J°ng  tlrnt> 
be  only  one  fourth  ot  that  of  the  root.  I  am,  moreover, 
thoroughly  inclined  to  believe,  that  in  the  prefent  mode  of 
uting  the  root,  a  very  contiderable  part  of  the  colour  is  left  in 
it  by  the  dyers ;  and,  fhould  this  prove  to  be  the  cafe,  an  and  probably  be 
advantage  much  greater  than  any  hitherto  adverted  to,  may  m°ie  cftc<^lvc‘ 
arife  from  the  procefs  here  recommended. 

Should  it  be  attempted  to  obtain  the  colour  from  the  frefh  Directions  for 
root,  on  an  extenfive  fcale,  I  fliould  recommend,  that  the  0f 

root  be  firfl  reduced  to  as  uniform  a  pulp  as  poffible,  by  grind-  madder  colour, 
ing  or  pounding.  To  this  purpoie,  it  is  probable  that  the 
cyder-mill  would  anfwer  perfedly  well ;  and  its  extreme 
fimplicity  is  a  great  recommendation.  For  the  purpofe  of 
trituration,  bags  of  woolen,  fuch  as  are  ufed  in  the  oil-mills, 
would  probably  anlwrer  as  well  as  calico,  and  they  would  be 
much  cheaper  and  more  durable.  A  large  vat,  with  dampers, 
would  be  eafily  conflru<5led,  by  thole  who  are  converfant  in 
mechanics,  for  the  holding  them  and  preffing  them  in  water; 
and  when  the  colour  w'as  boiled  and  precipitated,  the  flues 
of  the  boilers  might  eafily  be  formed  into  convenient  drying 
tables,  without  any  additional  expenfe  of  fuel.  The  part  of 
the  procefs,  which  I  confider  as  of  the  greatefl  importance, 
and  as  being  the  eflfential  advantage  of  my  methods  over  all 
thofe  which  have  come  to  my  knowledge,  is  the  trituration 
or  preffing  of  the  root  in  water;  and  I  believe  that  the 
colouring  matter  of  the  root  has  not  been  hitherto  conlidered 
as  fo  nearly  infoluble  in  water,  as  I  have  reafon  to  think  it  is. 

It  were  much  to  be  wilhed,  that  in  the  prefent  advanced  We  want  a  good 
date  of  Chemiflry,  fome  fkilful  analyfer  would  invefligate  of  mad'  x 

the  properties  of  this  very  uleful  root;  in  which  perhaps  it 
will  be  found,  that  there  are  three,  if  not  four,  different 
colouring  fubflances.  Such  are  the  precedes  and  views, 
which  I  have  thought  it  not  improper  to  lubmit  to  the  con- 
fideration  of  the  Society  of  Arts,  &c. 

I  have  only  now  to  deferibe  the  fpecimens  which  accom-  The  fpecimens 
pany  this  paper ;  affuring  the  Society,  that  they  have  been  all  society!** 
prepared  by  my  own  hands  entirely,  and  that  1  arn  therefore 

refponflble 
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refponfible  for  their  having  been  produced  by  the  proceffes 
ffated,  without  the  addition  of  any  foreign  matter  whatever, 
excepting  the  cake  ground  up  with  gum,  and  the  bladder  of 
oil-colour,  which  were  prepared  from  the  colour  which  I  gave 
him,  by  Mr.  Newman,  of  Soho-Square,  whole  Ik 1 11  and 
fidelity  are  too  well  known  to  need  any  teftimony  in  their 
favour. 

It  may  be  proper  to  add,  that  all  the  colours  produced  from 
the  Dutch  madder  were  prepared  from  the  fame  parcel  of  crop 
madder,  in  order  that  the  differences  in  them  might  proceed 
from  the  proceffes,  and  not  from  a  variation  in  the  qualities  of 
the  root,  which,  in  different  Ipecimens,  will  produce  differ¬ 
ent  fhades  of  colour  under  the  fame  mode  of  treatment.* 

1.  Dutch  madder,  treated  by  procefs  iff. 

2.  Ditto  -  procefs  2d. 

3.  Ditto  -  procefs  3d. 

4.  Ditto  -  procefs  4th. 

j.  Dutch  madder,  two  ounces;  alum,  half  an  ounce; 
treated  by  procefs  2. 

6.  Dutch  madder,  two  ounces;  alum,  one  ounce;  fer¬ 

mented  two  days,  and  then  treated  by  procels  2. 

7.  Produce  of  procefs  1,  ground  in  gum  by  Mr.  Newman.' 

3.  Produce  of  procefs  1,  ground  in  oil  by  Mr.  Newman. 

S — 1.  Smyrna  madder,  by  procefs  1. 

S — 2.  Ditto  -  procefs  2. 

S — 3.  Ditto  -  procefs  3. 

S — 4.  Ditto  -  procefs  4. 

*  Certificates  accompanied  the  foregoing  defcription,  from 
Mr.  Cotman  and  Mr.  Munn,  teftifying  the  merits  of  Sir  H.  Engle- 
field’s  madder  lakes,  as  water  colours;  and  alio,  from  Meffrs. 
Weft,  Trumbull,  Opie,  Turner,  Daniel,  and  Iloppner,  fpeak- 
ing  greatly  iu  its  favour,  where  it  has  been  tried  in  oil-colours. 


The 
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,  XLV.  • 

Fhe  Dutch  Method  of  curing  Herrings ,  extracted  and  tranjlated 
from  the  German  of  Kriinilz’s  Economical  Encyclopaedia 
(Oeconomifche  Encyclopadie),  Article  Haring,  by  J. 
Hinckley,  Efq.  F.  S.  A.  * 

The  veflels  employed  in  this  fifhery,  commonly  called  her- Dutch  method 
ring-buffes,  from  the  Dutch  name,  are  generally  between  48  ^  Catc'J|.ng  an<* 
and  60  tons  burthen,  though  fome  from  40  to  80  and  100  tons  rings.&  ° 
are  ufed.  The  largeft  of  all  carry  120  tons,  are  three-mafted 
veffels,  with  one  deck,  and  a  cabin  at  each  end  ;  that  a-head 
ferving  as  a  kitchen.  Of  the  larger,  the  crews  are- 24  men, 
thofe  of  the  fmaller  18.  They  carry  a  few  fmall  guns  and 
nmfquetry. 

Their  nets  are  dipped,  or  caff  out,  in  the  evening,  and 
drawn  up  in  the  morning.  It  requires  three  hours  to  wind 
them  on  board.  From  the  net,  the  fifh  are  immediately  put 
into  bafkets,  while  others  of  the  crew  are  occupied  till  even- 
ing  in  gutting,  falting,  and  packing.  But  although  from  ten 
to  fifteen  laid  are  fometimes  taken  at  a  draught,  the  twelve 
perfons  ufually  employed  for  the  purpofe,  cannot  complete 
more  than  five  laid  in  a  day. 

During  the  three  fir fd  weeks,  from  the  25th  of  June  to  the 
16th  of  July,  all  the  frefh-caught  herrings  are  thrown  into 
calks  without  picking,  and  conveyed  to  Holland,  in  the 
jagers,  or  yachts  f,  that  accompany  the  herring-bulTes.  But, 
after  this  period,  immediately  on  being  got  on  board  and 
gutted,  they  are  afforted  into  three  qualities, — maiden  her- 

*  From  the  Tranfadtions  of  the  Society  of  Arts,  who  have  pub- 
lifhed  it  for  the  information  of  our  filhers  in  North  Britain,  who 
appear  to  be  well  acquainted  with  the  treatment  from  catching 
and  landing,  but  not  with  the  fubfequent  proceffes.  Mr.  Walter 
Baine,  of  Greenock,  had  the  Society’s  filver  medal  for  this  objedt 
laft  feafon. 

f  Thefe  are  fmall  faft-failing  veffels,  which  follow  the  herring- 
buflfes,  lupply  them  with  provilions,  calks,  fait,  and  other  necel- 
faries,  and  carry  the  fifh  that  have  been  taken  to  the  nearefl  port, 
where  they  are  re-packed,  and  prepared  for  fending  to  the  places 
of  their  deftination. 

rings. 
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DUTCH  METHOD  OF  CURING  HER  RINC9. 

rings,  full  herrings,  and  {hot  herrings.  The  firft  of  thefe  are 
thofe  taken  earlieff,  and  without  row  or  melt,  but  which, 
though  well  flavoured,  do  not  keep,  hull  herrings  are  thofe 
taken  at  Midfummer,  on  the  point  of  fpawning;  irom  which 
the  brand-herrings,  fo  called  from  the  barrels  being  marked 
with  a  hot  iron,  only  differ  in  being  caught  later,  re-packed 
immediately  on  arrival,  and  fo  clofe  and  hard  prelfed  down, 
that  they  do  not  require  re-packing  at  other  places,  but  only 
new  pickle  ;  and  are  immediately  expedited,  or  may  remain 
on  hand  :  whereas  the  other  two  forts,  not  being  fo  clofe  ly 
laid,  muff  abfolutely  be  re-packed.  Shot-herrings  are  thofe 
which  have  fpawned,  or  are  taken  in  the  aft  of  fpawning,  in 
confrquence  of  which  they  are  thin  and  lean. 

With  the  Iaff  two  forts  tire  buffes  themfelves  return  (as  foon 
as  they  have  got  their  loading,  or  find  no  more  fifh),  one 
after  another,  to  port,  where  all  three  forts,  except  the  brand- 
herrings,  before  being  expedited,  are  opened,  faked  anew, 
re- packed,  and  fo  heaped  up,  that  fourteen  calks  are  re-packed 
in  twelve,  which  make  a  laft.  By  a  regulation  of  the  States- 
GeneraJ,  this  re-packing  muff  be  performed  in  the  open  air, 
where  ffrid  watch  is  kept,  that  the  fpoiling  fi(b  be  carefully 
feparated  from  the  good,  and  the  latter  properly  laid  in  the 
barrels,  and  ffrongly  preffed  down. 

The  Dutch  fifbery  continues  generally  from  twenty  to 
twenty-fix  weeks,  or  even  fomewhat  longer,  namely,  from 
the  25th  of  June  to  the  middle  of  January.  The  Dutch  fifli 
only  on  the  Scotch  and  Englilh  coafts,  off  Hittland,  Fairhill, 
and  Bocken,  from  Midfummer  till  the  25th  of  July  ;  off  Bocken 
or  Serenial,  from  thence  till  the  14th  of  September;  and  in 
deep  water,  Eaft  of  Yarmouth,  and  as  far  as  the  mouth  of  the 
Thames,  from  thence  to  the  25th  of  November,  when  the 
regular  fifhery  ceafes.  But  herrings  are  found  not  far  from 
Yarmouth  till  the  end  of  January,  after  which  the  fifliery  is 
prohibited,  as  the  fpawning  feafon  then  commences. 


(To  be  continued.) 
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ARTICLE  I. 


A  Jhort  Account  of  the  Caufe  of  the  Difeafe  in  Corn ,  called  by 
Farmers,  the  Blight,  the  Mildew  and  the  Ruf.  Reprinted ,  and 
the  Plates  copied,  with  Permijfion,  from  a  Memoir  communi¬ 
cated  by  the  Right  Hon.  Sir  Joseph  Banks,  Bart,  P,  R.  S. 
Sfc.  6fc.  fyc.  With  fame  additional  Notes.* 


Botanists  have  long  known  that  the  Blight  in  Corn  is  Botanies  have 

occalioned  by  the  growth  of  a  minute  parafitic  fungus  or  mufh-  yir!°fn  tliat 

room  on  the  leaves,  Hems,  and  glumes  of  the  living  plant,  caufed  by  a  mi- 

Felice  nute  Parafitic 
fungus  $ 


*  Immediately  after  the  title  in  the  original  is  the  following  pre¬ 
fatory  note  : 

“  The  following  brief  Publication,  fuggefted  by  the  alarming 
“  date  of  the  harveft  in  Auguft  laft,  would  have  been  diftributed 
“  before  the  end  of  wheat  feed-time,  had  the  engraver  fulfilled  his 
“  engagement. 

“  This  circumftance  will,  it  is  hoped,  be  confidered  as  a  fufficient 
*'  apology  for  the  want  of  actual  obl'ervations  on  the  origin  and  pro- 
“  grefs  of  the  difeafe.  Thefe  it  is  prefumed  will  be  abundantly 
<(  fupplied  in  the  courfe  of  the  prefent  year,  by  thofe  intelligent 
“  agriculturifts,  whole  refider.ee  in  the  country  enables  them  daily 
“  to  examine,  not  only  the  progrefs  of  their  crops,  but  the  origin 
“  and  advances  alfo  of  all  thofe  cbftacles  which  nature  has  oppofed 
to  the  fuccefs  of  agricultural  labours,  as  if  to  awaken  the  ener- 
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Felice  Fontana  publiflied  in  the  year  17<J7  an  elaboi ate  ac¬ 
count  of  this  mitchievous  weed,*  with  niicroicopic  figures, 
which  give  a  tolerable  idea  of  its  form  ;  more  modern  bo- 
tanifts  +  have  given  figures  both  ot  corn  and  of  grals  afieCled 
by  it,  but  have  not  uled  high  magnifying  powers  in  their  re¬ 
searches.. 

but  agricultures  Agricultures  do  not  appear  to  have  paid,  on  this  head, 
have  paid  little  Sufficient  attention  to  the  dilcoveries  of  their  tellow-labourers 
“  t0  thl3in  the  Sield  of  nature;  for  though  Scarce  any  Englifh  writer 
of  note  on  the  fubjeft  of  rural  economy  has  Sailed  to  Stale  his 
opinion  of  the  origin  of  this  evil,  no  one  of  them  has  yet  attri¬ 
buted  it  to  the  real  caufe,  unlefs  Mr.  Kirby’s  excellent  papers 
on  Some  diSeafes  of  corn,  publiflied  in  the  Tranlaclions  of  the 
Linncean  Society,  are  confidered  as  agricultural  elTays, 

On  this  account  -it  has  been  deemed  expedient  to  offer  to 
the  consideration  of  farmers  engravings  of  this  deftru&ive 

plane  from  ac-  pjant  niade  from  the  drawings  of  the  accurate  and  ingenious 
curate  drawings  «  R  ° 

Mr.  Bauer,  Botanical  Painter  to  his  Majefly,  accompanied 
with  his  explanation,  from  whence  it  is  prefumed  an  attentive 
reader  will  be  able  to  form  a  corrcCt  idea  of  the  faCts  intended 
to  be  reprefented,  and  a  juft  opinion  whether  or  not  they 
are,  as  is  prefumed  to  be  the  cafe,  correct  and  Satisfactory. 
Organized  ftruc-  In  order,  however,  to  render  Mr.  Bauer’s  explanation  more 
ture  ot  the  fur- eafy  (0  be  underftood,  it  is  neceflary  to  premife,  that  the 

Its  pores  or  '  ftriped  appearance  of  the  Surface  of  a  Straw  which  may  be 
mouths,  fhut  in  Seen  with  a  common  magnifying  glafs,  is  caufed  by  alternate 
wet  weather*1  ^  partitions  of  the  bark,  the  one  imperforate,  and 

the  other  furniflied  with  one  or  two  rows  of  pores  or  mouths, 
fliut  in  dry,  open  in  wet  weather,  and  well  calculated  to  imbibe 
fluid  whenever  the  Straw  is  damp.  I 

By 

**  gies  of  reafon,  and  to  reward  tlie  farmer  for  the  exertions  of  his 
“  intellectual  faculties,  by  the  Satisfaction  of  furmounting  them." 

“  Jan.  30th,  1805."  “  JOS.  BANKS." 

*  Oflfervnzioni  fopra  la  Ruggine  del  Grano.  Lucca,  1767,  8vo. 
t  Sowerby’s  Englifh  Fungi,  Vol.  II.  Tab.  140,  Wheat  Tab.  139. 

Poa  aquatica. 

The  pores  or  t  Pores  or  mouths  Similar  to  thefe  are  placed  by  nature  on  the 

mouths  on  the  Surface  of  the  leaves,  branches,  and  Hems,  of  all  perfeCt  plants,  a 

fur/ace  01  plants  provi|jon  intended  no  doubt  to  compenfate,  in  tome  meafure,  the 
are  defigned  to  .  .  .  ,  1  \ 

abforb  moifturc.  want  loco-motion  in  vegetables.  A  plant  cannot  when  thirfty 


ON  THE  BLIGHT  IN  CORN* 


227 


Bv  thefe  pores,  which  exid  alfo  on  the  leaves  and  glumes,  it  The  feeds  of  the 

is  prefumed  that  the  feeds  of  the  fungus  gain  admiffion,  and  fllngus  clltcr 
'  ^  ^  pores, 

at  the  bottom  of  the  hollows  to  which  they  lead,  (fee  Plate  IX. 

Pig.  1,  2,)  they  germinate  and  pufh  their  minute  roots,  no 

doubt  (though  thefe  have  not  yet  been  traced)  into  the  cellular  germinate  in 

texture  beyond  the  bark,  where  they  draw  their  nourifhment,  t,lc  ce,lll,ar  te*~ 

J  -li  ture,  intercept 

by  intercepting  the  fap  that  was  intended  by  nature  for  the  the  fap,  and  ren- 

nutriment  of  the  grain;  the  corn  of  courfe  becomes  thrivelled  ^cr_ tbe S'airi 

r  .  ,  r  ,  thnveilcd  by 

in  proportion  as  the  tungi  are  more  or  lets  numerous  on  the  abftra£tion  of 

plant ;  and  as  the  kernel  only  is  abdracled  from  the  grain,  tbie  kernel. 

while  the  cortical  part  remains  undiminifhed,  the  proportion 

of  flour  to  bran  in  blighted  corn,  is  avvays  reduced  in  the 

fame  degree  as  the  corn  is  made  light.  Some  corn  of  this 

year’s  crop  will  not  yield  a  done  of  flour  from  a  fack  of  wheat; 

and  it  is  not  impoflible  that  in  fome  cafes  the  corn  has  been  The  flour  may 

fo  completely  robbed  of  its  flour  by  the  fungus,  that  if  the  thu^  be  alm°ft 
.  J  J  ...  totally  inter¬ 

proprietor  (hould  choofe  to  incur  the  expenie  ot  thrafliing  and  cepted. 

grinding  it,  bran  would  be  the  produce,  with  fcarce  an  atom 

of  flour  for  each  grain. 

Every  fpecies  of  corn,  properly  fo  called,  is  fubjecl  to  the  All  corn  Is  liable 

blight;  but  it  is  obfervable  that  fpring  corn  is  lefs  damaged  5°  !he  bll§llt; 

°  r  0  fpnn»  corn  lefs 

by  it  than  winter,  and  rye  lefs  than  wheat,  probably  becaufe  it  than  winter,  and 

is  ripe  and  cut  down  before  the  fungus  has  had  time  to  r>e  leis  thaa 

increafe  in  any  large  degree. — Tull  fays  that  “  white  cone  or 

<€  bearded  wheat,  which  hath  its  draw  like  a  rufh  full  of  pith, 

“  is  lefstubjed  to  blight  than  Lammas  wheat,  which  ripens  a 

“  week  later.”  See  page  7  4.  The  fpring  wheat  of  Lincolnfhire  Hiflorical  fa&g^ 

was  not  in  the  lead  dirivelled  this  year,  though  the  draw  was  in 

fome  degree  infected  :  the  millers  allowed  that  it  was  the  bed: 

fample  brought  to  market.  Barley  was  in  fome  places  con- 

dderably  (potted,  but  as  the  whole  of  the  dem  of  that  grain 

is  naturally  enveloped  in  the  hole  or  bads  of  the  leaf,  the 

fungus  can  in  no  cafe  gain  admittance  to  the  draw  ;  it  is  how- 

go  to  the  brook  and  drink,  but  it  can  open  innumerable  orifices  for 
the  reception  of  every  degree  of  moiflure,  which  either  falls  in  the 
fhape  of  rain  and  of  dew,  or  is  feparated  from  the  mafs  of  water 
always  held  in  folution  by  the  atmofphere;  it  feldom  happens  in  the 
dried  feafon,  that  the  night  does  not  afford  fome  refrefhment  of  this 
kind,  to  reflore  the  moiflure  that  has  been  exhaufted  by  the  heats  of 
the  preceding  day. 

Q  2 


ever 
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Little  informa¬ 
tion  was  obtain¬ 
ed  by  enquiry 
relpc&ing 
blight}  but  its 
caufe  being  now 
explained,  the 
remedy  it  is 
hoped  will  be 
difccnercd. 


Piogreft  of  the 
infection. 


Increafc  of  the 
fungus  incalcu¬ 
lably  rapid  j 


and  its  periods 

of  generation 
very  quick. 


ever  to  be  obferved  that  barley  rifes  trom  the  flail  lighter  this 
year  than  was  expefled  from  the  appearance  of  the  crop  when 
gathered  in. 

Though  diligent  enquiry  was  made  during  the  lab  autumn, 
no  information  of  importance  relative  to  the  origin  or  the 
progrefs  of  the  blight  could  be  obtained:  this  is  not  to  be 
wondered  at;  for  as  no  one  of  the  perfons  applied  to  had  any 
knowledge  of  the  real  caufe  of  the  malady,  none  of  them 
could  dileft  their  curiofity  in  a  proper  channel.  Now  that  its 
nature  and  caufe  have  been  explained,  we  may  reafonably 
expeft  that  a  few  years  will  produce  an  intereffing  colleftion 
of  fafts  and  obfervations,  and  wre  may  hope  that  fome  progrefs 
will  be  made  towards  the  very  defirable  attainment  of  either 
a  preventive  or  a  cure. 

It  feems  probable  that  the  leaf  is  firff  infefted  in  the  fpring, 
or  early  in  the  funimer,  before  the  corn  (hoots  up  into 
ffraw,  and  (hat  the  fungus  is  then  of  an  orange  colour;*  after 
the  ffraw  lias  become  yellow,  the  fungus  afTumes  a  deep  cho¬ 
colate  brown  :  each  individual  is  fo  (mall  that  every  pore  on 
a  draw  will  produce  from  20  to  40  fungi,  as  may  be  feen  in  die 
plates,  and  every  one  of  thefe  will  no  doubt  produce  at  leaf! 
100  feeds;  if  then  one  of  thefe  feeds  tillows  out  into  the  num¬ 
ber  of  plants  that  appear  at  the  bottom  ofa  pore  in  Plate  IX. 
T/g.  1,  2.  how  incalculably  large  muff  the  increafe  be  !  A  few 
difeafed  plants  battered  over  a  field  muff  very  fpeedilv  infeft 
a  whole  neighbourhood,  for  the  feeds  of  fungi  are  not  much 
heavier  than  air,  as  every  one  who  has  trod  upon  a  ripe  puff¬ 
ball  mult  have  obferved  by  feeing  the  dufit,  among  which  is  its 
feed,  rife  up  and  float  on  before  him. 

How  long  it  is  before  this  fungus  arrives  at  puberty,  and 
fcatters  its  feeds  in  the  wind,  can  only  be  guefied  at  by  the 
analogy  of  others ;  probably  the  period  of  a  generation  is 
fiiort,  pofiibly  not  more  than  a  week  in  a  hot  feafon  :  if  fo,  how 
frequently  in  the  latter  end  of  the  fummer  muft  the  air  be 
loaded  as  it  were  with  this  animated  duff,  ready,  whenever  a 


*  The  Abbe  Tetfirr,  in  his  Trait e  des  Maladies  del  Grains ,  tells 
us  thaf,  ir.  f  ranee,  this  difeafe  firft  (hews  itfelf  in  minute  fpots  ofa 
duty  '■"•'bite  colour  on  the  leaves  and  Items,  which  fpots  extend  them- 
lelves  by  degrees,  and  in  time  change  to  yellow,  and  throw  off  a  dry 
orange  coloured  powder,  pp.  201,  010.  Note  of  Sir  J,  B 

gentle 
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gentle  breeze,  accompanied  with  humidity,  fhallgive  the  fignal 

to  intrude  itfelf  into  the  pores  of  thoufands  of  acres  of  corn. 

Providence,  however,  careful  of  the  creatures  it  has  created,  If  there  were  no 

has  benevolently  provided  againll  the  too  extenfive  multiple  nlrTto^check " 

cation  of  any  fpecies  of  being  ;  was  it  otherwife,  the  minute  the  increafeof 

plants  and  animals,  enemies  againft  which  man  has  the  feweft  *ma!1  plants  and 

°  .  animals,  the 

means  of  defence,  would  increale  to  an  inordinate  extent;  this  larger  would 

however,  can  in  no  cafe  happen,  unlefs  many  predifpofing  fpeedl!y  bede- 
.  '  .  ,  .  ,  .  ,  *  ..  J  ”  ftroyed  by  them, 

caules  afford  their  combined  alliltance,  hut  for  this  wile  and 

beneficent  provifion,  the  plague  of  flugs,  the  plague  of  mice, 

the  plagues  of  grubs,  wire-worms,  chafers,  and  many  other 

creatures  whofe  power  of  multiplying  is  countlefs  as  the  fands 

of  the  fea,  would,  long  before  this  time,  have  driven  mankind, 

and  all  the  larger  animals,  from  the  face  of  the  earth. 

Though  all  old  perfons  who  have  concerned  themfelves  in  The  blight  does 

agriculture  remember  the  blight  in  corn  many  years,  yet  fome  Lnot  aPPear  t0 
°  ,  .  0  .  ...  .  have  increaled  of 

have  (uppofed  that  of  late  years  it  has  materially  increafed  ;  hce  years, 
this  however  does  not  feem  to  be  the  cafe.  Tull,  in  his  Horfe- 
hoeing  Hufbandry,  p.  74,  tells  us,  that  the  year  1725  “  was  a 
*l  year  of  blight  the  like  of  which  was  never  before  heard  of,  and 
*{  which  he  hopes  may  never  happen  again;”  yet  the  average 
price  of  wheat  in  the  year  1726,  when  the  harveft  of  1725  was 
at  market,  was  only  36s.  4-d.  and  the  average  of  the  five  years 
of  which  it  makes  the  firft,  31s.  Id. — 1797  was  alfo  a  year  of 
great  blight;  the  price  of  wheat  in  1798  was  49a'.  id.  and  the 
average  of  the  five  years,  from  1795  to  1799,  63s.  5d .* 

The  climate  of  the  Britifh  Ifies  is  not  the  only  one  that  is  The  blight  in 
liable  to  the  blight  in  corn  ;  it  happens  occafionally  in  every  part  jC°rn  Pr°hably 
of  Europe,  and  probably  in  all  countries  where  corn  is  grown.  countries. 


*  The  fcarcity  of  the  year  1801  was  in  part  occafioned  by  a  mil¬ 
dew  which,  in  many  places,  attacked  the  plants  of  wheat  on  the 
S.E.  fide  only  :  but  it  was  principally  owing  to  the  very  wet  harveft 
of  1800.  The  deficiency  of  wheat,  at  that  harveft,  was  found,  on 
a  very  accurate  calculation,  fomewhat  to  exceed  one  fourth.  But 
wheat  was  not  the  only  grain  that  failed  :  all  others,  and  potatoes 
alfo  were  materially  deficient.  This  year  the  wheat  is  probably 
fomewhat  more  damaged  than  it  was  in  1800,  and  barley  fomewhat 
lefs  than  an  average  crop.  Every  other  article  of  agricultural  food 
is  abundant,  and  potatoes  one  of  the  largeft  crops  that  has  been 
known.  But  for  thefe  bleftings  on  the  labour  of  man,  -wheat  muft 
byfore  this  time  have  reached  an  exorbitant  price. — Sir  J.  B. 
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Italy  is  very  fubjeft  to  it,  and  the  lad  harveft  ot  Sicily  has 
been  materially  hurt  by  it.  Specimens  received  from  the 
colony  of  New  South  Wales  (hew  that  confiderable  mi  (chief 
was  done  to  the  wheat  crop  there  in  the  year  1  S03  by  a  para- 
fitic  plant,  very  fimilar  to  the  Englilh  one. 

Common  opinion  It  has  been  long  admitted  by  farmers,  though  fcarcely  cre- 

that  wheat  in  the  by  botanids,  that  wheajt  in  the  neighbourhood  of  a  bar- 

hS;rd0t  berry  buth  feldom  efcapes  the  blight.  The  village  of  Rollefby 
moft  frequently  |n  Norfolk,  where  barberries  abound,  and  wheat  feldom  luc- 
bhghted.  Ceeds,  is  called  by  the  opprobrious  appellation  of  Mildew 

Rollefby.  Some  obferving  men  have  of  late  attributed  this 
very  perplexing  effect  to  the  farina  of  the  flowers  of  the  bar¬ 
berry,  which  is  in  truth  yellow,  and  refembles  in  fome  degree 
the  appearance  of  the  rud,  or  w'hat  is  prefumed  to  be  the 
blight  in  its  early  date. 

The  barberry  It  is,  however,  notorious  to  all  botanical  obfervers,  that  the 
If af  is  very  fub- |eaves  Qf  ||ie  barberry  are  very  fubje6t  to  the  attac  k  of  a 
fungus i  mlld  W yellow  parafitic  fungus,  larger,  but  otherwife  much  relemblmg 
the  ruff  in  corn. 

Is  it  not  more  than  poffible  that  the  parafitic  fungus  of  the 
barberry  and  that  of  wheat  are  one  and  the  fame  fpecies,  and 
that  the  feed  transferred  from  the  barberry  to  the  corn  is  one 
caufe  of  the  difeafe.  Mifletoe,  the  parafitic  plant  with  which 
we  are  the  heft  acquainted,  delights  mod  to  grow  on  the  apple 
and  hawthorn,  but  it  flourifhes  occafionally  on  trees  widely 
differing  in  their  nature  from  both  of  thefe:  in  the  Home  Park, 
at  Windlor,  mifleioe  may  be  feen  in  abundance  on  the  lime 
trees  planted  there  in  avenues.  If  this  conjedfure  is  founded, 
another  year  will  not  pals  without  its  being  confirmed  by  the 
obiervations  of  inquifilive  and  fagacious  farmers. 

Conje&ures  di-  It  would  be  prelumptuous  to  offer  any  remedy  for  a  malady, 
rented  to  remedy,  the  progrefs  of  which  is  fo  little  underflood;  conjectures, 
however,  founded  on  the  origin  here  atligned  to  it,  may  be 
hazarded  without  offence. 

It  is  believed  *  to  begin  early  in  the  fpring,  and  fird  to  ap¬ 
pear  on  the  leaves  of  wheat  in  the  form  of  rud,  or  orange- 
coloured  powder ;  at  this  feafon,  the  fungus  will,  in  all  pro- 


which  may  be 
transferred  to 
corn. 


Probable  fa<ft  as 
to  its  earlieft 
appearance. 


*  This,  though  believed,  is  not  dogmatically  afferted,  becaufe 
Fontana,  the  heft  writer  on  the  fuhjeft,  afferts  that  the  yellow  and 
the  dark-colouicd  blight  are  different  fpecies  of  fungi. 
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bability,  require  as  many  weeks  for  its  progrefs  from  infancy 
to  puberty  as  it  does  days  during  the  heats  of  autumn  ;  but  a 
very  few  plants  of  w'heat,  thus  infected,  are  quite  fufficient  if 
the  fungus  is  permitted  to  ripen  its  feed,  to  ipread  the  malady 
over  a  field,  or  indeed  over  a  whole  parifh. 

The  chocolate-coloured  blight  is  little  obferved  till  the  corn  The  chocolate 
is  approaching  very  nearly  to  ripenefs;  it  appears  then  in  the 
field  in  fpots,  which  increafe  very  rapidly  in  fize,  and  are  in  from  central 
calm  weather  fomewhat  circular,  as  if  the  difeafe  took  its P0',nts  Liic 

...  ,  *  field, 

origin  from  a  central  pofition. 

May  it  not  happen  then,  that  the  fungus  is  brought  into  the  whence  it  may- 
field  in  a  few  fialks  of  infe&ed  firaw  uncorrupted  among  the  llavG  ^een 

....  brought  in  by 

mafs  of  dung  laid  in  the  ground  at  the  time  of  fowing?  it  infetted  ftraw  in 

mult  be  confefTed,  however,  that  the  clover  lays,  on  which  no  manure  j 

dung  from  the  yard  was  ufed,  were  as  much  infected  lafi; 

autumn  as  the  manured  crops.  The  immenfe  multiplication 

of  the  difeafe  in  the  lafi  feafon,  feems  however  to  account  for 

this;  as  the  air  was  no  doubt  frequently  charged  with  feed 

tor  miles  together,  and  depofited  it  indifcriminately  on  all 

forts  of  crops. 

It  cannot  however  be  an  expenfive  precaution  to  fearch  and  may,  It  Is 
diligently  in  fpring  for  young  plants  of  wheat  infedled  with 'lkel^’,be  .  ^ 
the  difeafe,  and  carefully  to  extirpate  them,  as  well  as  all  by  extirpating 
grades,  for  feveral  are  fubjedfc  to  this  or  a  fimilar  malady,  ^ 
which  have  the  appearance  of  orange-coloured  or  of  black 
firipes  on  their  leaves,  or  or  their  firaw;  and  if  experience 
lhall  prove  that  uncorrupted  firaw  can  carry  the  difeafe  with 
it  into  the  field,  it  will  cofi  the  farmer  but  little  precaution  to 
prevent  any  mixture  of  frefii  firaw  from  being  carried  out 
with  his  rotten  dung  to  the  wheat  field. 

In  a  year  like  the  prefent,  that  offers  fo  fair  an  opportunity,  whether  blight- 
it  will  be  ufeful  to  obferve  attentively  whether  cattle  in  the  firaw  eti  ftraw  ^e.more 

.  ,  .  ,  r  ......  -  ,  .  _  or  lels  nutritious 

yard  thrive  better  or  worle  on  blighted  than  on  healthy  ltraw.  than  clean  ftraw. 

That  blighted  firaw,  retaining  on  it  the  fungi  that  have  robbed tor  cattle  - 

the  corn  of  its  flour,  has  in  it  more  nutritious  matter  than 

clean  firaw  which  has  yielded  a  crop  of  plump  grain,  cannot 

be  doubted ;  the  quefiion  is,  whether  this  nutriment  in  the 

form  of  fungi  does,  or  can  be  made  to  agree  as  well  with  the 

fiomachs  of  the  animals  that  con  fume  it,  as  it  would  do  in  that 

of  firaw  and  corn* 

It 
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Though  the  It  cannot  be  improper  in  this  place  to  remark,  that  although 

fccdi  ot  blighted  ^  feeds  of  wheat  are  rendered,  by  the  exhaufling  power  ot 

flour,  they  arc  the  fungus,  fo  lean  and  (liri veiled  that  fcarce  any  dour  lit 

each  as  good  tor  por  manufacture  of  bread  can  be  obtained  by  grinding 

lowing  as  the  ,  .  . 

plumpeft  famplesj  them,  thele  very  feeds  will,  except,  perhaps,  in  the  very  vvorlt 

cafes  *,  anfwer  the  purpofe  of  feed  corn  as  vvell  as  the  faired 

and  plumped  (ample  that  can  be  obtained,  and,  in  home 

and  are  much  refpecis  better;  for  as  a  bufliel  of  much  blighted  corn  will 

more  numerous  eonta in  one-third  at  lead  more  grains  in  number  than  a  bufhel 

meature.  31  of  plump  corn,  three  butliels  of  fuch  corn  will  go  as  far  in 

fowing  land,  as  four  bufbels  of  large  grain. 

The  flour  in  the  The  ufe  of  the  flour  of  corn  in  furthering  the  procefs  of  vege- 

fhriv  led  grain  tation,  is  to  nourilh  the  minute  plant  from  the  time  of  its 
isamply  lufhcient  _  c  .  r  . 

to  nourilh  the  developemeiit  till  its  roots  are  able  to  attract  food  from  the 

mi::ute  plants  till  manured  earth  ;  for  this  purpofe  one-tenth  of  the  contents  of 

tl.  y  taKc  root.  a  grajn  0f  good  wrheat  is  more  than  fufficient.  The  quantity  of 

flour  in  wdieal  has  been  increafed  by  culture  and  management 
calculated  to  improve  its  qualities  for  the  benefit  of  mankind, 
in  the  fame  proportion  as  the  pulp  of  apples  and  pears  nas 
been  increafed  by  the  fame  means,  above  what  is  found  on  the 
wildings  anu  crabs  in  the  hedges. 

It  is  cudomary  to  fet  afide  or  to  purchafe  for  feed  corn,  the 
bolded  and  plumped  famples  that  can  be  obtained  ;  that  is, 
thole  that  contain  the  mod  flour ;  but  this  is  unnecelfary  wade 
of  human  fubfidence  ;  the  (mailed  grains,  fuch  as  are  fitted 
out  before  the  wheat  is  carried  to  markel,  and  either  con- 


It  is  a  wafteful 
practice  to  take 
the  plumpeft 
grain  f  ,r  feed. 
The  fmalleft 
though  unfit  for 
the  mid  are 


equally  good  for  lumed  in  the  farmer  s  family,  or  given  to  his  poultry,  will  be 
this  ufe.  .  *  ,  r  c  ;  .  , 

found  by  experience  to  anfwer  the  purpole  of  propagating  the 

lort  from  whence  they  fprung,  as  effectually  as  the  larged. 

Arrangement  of  Every  ear  of  wheat  is  compofed  of  a  number  of  cups  placed 

ear r*f' wheat! 3n  allernate!y  on  each  fide  of  the  draw  ;  the  low  er  ones  contain. 

The  lower  ones  according  to  circumdances,  three  or  four  grains,  nearly  equal 

food^ ^buT the ‘n  ^lze*  kut  l°wards  (he  lol)  of  the  ear,  where  the  quantity  of 
upper  are  not  nutriment  is  diminifhed  by  the  more  ample  fupply  of  thofe 
inferior  as  feed.  cupS  (hat  are  nearer  the  root,  the  third  or  fourth  grain  in  a 

cup  is  frequently  defrauded  of  its  proportion,  and  becomes 


*  80  grains  of  the  meft  blighted  wheat  of  the  laft  year,  that 
could  be  obtained,  were  town  in  pots  in  the  hot-houfe  j  of  thefe, 
feventy-two  produced  healthy  plants,  a  lofs  of  10  per  cent.  only. 

fhriveiled 
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fhrivelled  and  fmall.  Thefe  rural!  grains,  which  are  rejected 
by  the  miller,  becaufe  they  do  not  contain  flour  enough  for 
his  purpofe,  have  nevertheless  an  ample  abundance  for  all 
purpofes  of  vegetation,  and  as  fully  partake  of  the  (ap,  (or 
blood,  as  we  fliould  call  it  in  animals,)  of  the  kind  which  pro¬ 
duced  them,  as  the  faired  and  fulled  grain  that  can  be  ob¬ 
tained  from  the  bottoms  of  the  lower  cups  by  the  wafleful 
procefs  of  beating  the  lheaves. 


EXPLANATION  OF  THE  PLATES. 

Plate  IX. 

Fig .  1.  A  piece  of  the  infected  wheat  draw — natural  flze: 
at  a  the  leaf  (heath  is  broken  and  removed,  to  flievv  the  draw 
which  is  not  infe6ted  under  it. 

Fig .  2.  A  highly  magnified  reprefentation  of  the  parafltic 
plant  which  infects  the  wheat:  a  in  a  young  date  ;  Mull  grown; 
care  two  plants  burding  and  (bedding  their  feeds  when  under 
w'ater  in  the  microfcope  ;  d  two  plants  burd  in  a  dry  date; 
e  feems  to  be  abortive  ;  f  feeds  in  a  dry  date  ;  g  a  (mall  part 
of  the  bottom  of  a  pore  with  lome  of  the  parafltic  fungi  grow¬ 
ing  upon  it. 

Fig.  3.  A  part  of  the  draw  of  fig.  1,  magnified. 

Fig .  4-.  Part  o f  fig.  3  at  a  b  more  magnified. 

Fig .  5.  Part  of  a  draw  dmiiar  to  fig.  3,  but  in  its  green  date, 
and  before  the  parafltic  plant  is  quite  ripe. 

Fig.  6.  A  fmall  part  of  the  fame,  more  magnified. 

Plate  X. 

Fig.  1.  A  highly  magnified  tranfverfe  cutting  of  the  draw, 
correfponding  with  Fig.  4.  Plate  I.  (hewing  the  infertion  of 

the  parafite  in  the  bark  of  the  draw. 

Fig.  2.  A  longitudinal  cutting  of  the  fame  ;  magnified  to 
the  fame  degree. 

Fig.  3.  A  fmall  piece  of  the  epidermis  of  a  draw,  (hewing 
the  large  pores  which  receive  the  feed  of  the  parafite ;  the 
(mailer  fpots  obfervable  on  the  epidermis,  are  the  bates  of 

hairs 
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hairs  that  grow  on  the  plant  of  the  wheat  whilft  young,  but 
which  fall  otT  when  it  ripens,  magnified  to  the  fame  degree 
as  the  preceding  figures. 


II. 


Theorems  refpeSing  the  Properties  of  the  Sides  of  Triangles  in¬ 
terfered  by  Tight  Lines  draien  from  the  three  Angles  Jo  as  to 
meet  in  one  Point.  By  Mr.  John  Gough. 


To  Mr.  NICHOLSON. 


SIR, 


Middle/haiv,  March  1,  I S05. 

Certain  proper-  GEOMETRICIANS  have  paid  but  little  attention  to  the 
ties  of  triangles,  properties  of  the  fidcs  of  triangles,  which  are  interfered  by 
right  lines,  drawn  from  the  three  oppofite  angles  foas  to  meet 
in  one  point.  Perhaps  all  the  theorems  of  this  kind  that  have 
been  hitherto  publifhed,  are  contained  in  the  fecond  book  of 
Emerfon’s  Geometry,  with  the  fmgle  exception  of  a  propor¬ 
tion  given  by  Mr.  Landen;  who  has  proved  that  if  one  of  the 
internal  angles  of  a  triangle,  and  the  two  oppofite  external  an¬ 
gles  of  the  fame  be  bifefted,  the  right  lines,  drawn  for  this 
purpofe,  will  alfo  meet  in  a  common  point.  The  following 
propofitions  take  a  more  general  view  of  the  fubject;  and  as 
feme  mathematical  papers  have  appeared  of  late  in  the  Philo¬ 
sophical  Journal,  I  have  ventured  to  alk  a  place  for  the  prefent 
flieet,  in  your  valuable  mifcellany. 

I  remain,  &:c. 

JOHN  GOUGH. 

P .  S.  In  vol.  X.  page  66,  line  2,  for  5-J  yards  read  3£  yards. 


Propofdion  IJi.  Let  three  right  lines  C  M,  B  N  and  A  S, 
(I  lateX  I.  Fig.  1,2.)  drawn  from  the  three  angles  of  a  trian¬ 
gle  ABC,  intellect  the  oppofite  Tides,  produced  or  not,  in 
the  points  IN  I ,  N  and  S,  and  alfo  meet  each  other  in  a  com¬ 
mon  point  O;  then  if  all  the  points  M,  N  and  S  lay  betwixt 

the 


ON  TRIANGLES. 


235 


the  angular  points  B,  A  and  C,  the  place  of  O  will  be  within  Certain  proper- 
the  triangle,  and  the  three  lines  C  O,  BO  and  AO  will  fall tiCS  tnangic^ 
wholly  within  the  fame;  but  if  one  of  thefe  points,  as  S,  lay 
in  BE,  w'hich  is  C  B  produced,  the  place  of  O.will  be  ex¬ 
ternal  to  the  triangle;  in  which  cafe,  one  of  the  two  remain¬ 
ing  points  of  interlection  will  lay  in  its  refpe&ive  fide  pro¬ 
duced;  but  the  fituation  of  the  other  will  always  be  betwixt 
the  angular  points  of  the  third  fide. 

Demonstration. 

r 

Cafe  1  /?.  Let  M,  N  and  S  (Fig.  1.)  be  betwixt  the  angu¬ 
lar  points  B,  A  and  C;  in  which  cafe,  the  triangles  ABC, 

MBC  are  of  the  fame  altitude;  confequently  they  are  as 
their  bales  A  B,  B  M,  Euc.  1.6;  but  B  M  is  a  part  of  A  B  by 
hypolhefis;  therefore  the  triangle  MBC  is  a  part  of  ABC, 

(Siimpfoifs  Euclid.  D.  5.)  that  is,  the  triangle  ABC  contains 
the  triangle  MBC;  for  the  lame  reafon,  the  lame  ABC  con¬ 
tains  the  triangle  SAB;  but  the  figure  M  B  S  O  is  common  to 
the  triangles  M  B  C,  SAB;  therefore  it  is  contained  in  the 
triangle  ABC;  confequently  the  place  of  O  is  within  the 
fame:  now  as  the  points  A,  B,  C  and  O  are  all  found  in  the 
fpace  ABC,  the  lines  AO,  BO  and  C  O  muft  alio  lay  wholly 
within  the  fame  triangle. 

Cafe  9.  When  the  point  S  falls  in  BE  or  C  B  produced, 

( Fig.  2.)  the  angle  C  B  A  is  external  to  the  triangle  A  B  S; 
therefore  it  is  greater  than  the  angle  B  S  A,  (Euc.  17,  1;}  and 
the  fum  of  the  angles  CAB,  A  C  B  is  lefs  than  the  angles 
C  A  S,  A  C  S  taken  together,  ( Euc .  32.  1) ;  hence  the  angle 
CAB  is  lefs  than  CAS;  confequently  the  right  line  A  S, 
produced  at  pleafure,  falls  wholly  without  the  triangle  A  B  C. 

Now  if  the  remaining  two  lines  C  M  and  B  N  be  fuppoled  to 
cut  the  fides  B  A  and  A  C  not  produced,  the  place  of  O,  their 
common  interfection,  will  be  in  the  (pace  ABC,  byr  Cafe  1  : 
but  this  is  impoftible;  for  O  is  in  the  right  line  A  S  by  hypo¬ 
thecs;  which  has  been  fhewn  to  fall  wholly  without  the  trian¬ 
gle  A  B  C,  confequently  one  at  lead  of  the  lines  C  M,  B  N 
muft  alio  lay  without  the  fame  fpace;  let  this  be  BN,  and 
draw  O  K  parallel  to  C  A;  then  the  external  angle  O  K  E  of 
the  triangle  O  K  C  is  greater  than  the  internal  and  oppoftte 

angle 
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Certain  proper-  angle  B  C  M,  17.1;  but  the  angles  O  K  E,  A  C  B  are  equal 
ties  of  triajig  co.  ^ ^uc  29  [  .  j  therefore  the  triangle  M  B  C  is  a  part  of  the  trian¬ 
gle  ABC,  and  is  contained  in  it ;  but  thefe  triangles  are  as 
their  bales  M  B,  B  A  ( Euc.  1 .6  ;)  confequenlly  M  B  is  apart  of 
B  A,  Simf.  Euc.  I),  5;  and  the  point  M  is  between  the  points 
A  and  B.  Q.  E,  D. 

Corollary.  Hence  it  appears  that  if  two  lines  C  M  and  B  N 
be  drawn,  and  their  interleftion  O  lav  within  the  triangle 
ABC,  the  place  of  the  third  point  S  will  be  in  the  fide  B  C 
nnproduced.  But  if  O  lay  without  the  triangle,  the  place  of 
the  third  point  will  depend  on  thefituation  of  the  given  points; 
namely  it  thele  be  in  two  tides  produced,  the  place  (ought  will 
lav  in  the  remaining  fide  unproduced;  but  if  either  of  the  given 
points  (all  between  two  angles  of  the  triangle,  the  third  will 
be  found  in  the  remaining  fide  produced. 

Propofition  2.  If  a  right  line  CM  f  Fig.  1 .)  be  drawn  from 
C,  one  of  the  angles  of  a  triangle  A  B  C,  to  cut  the  oppofue 
fide  A  B,  produced  or  not,  in  M,  and  if  from  the  point  M, 
perpendiculars,  M  F,  M  II  be  let  fall  upon  the  tides  A  C,  C  B, 
the  rectangle  B  M,  M  F  will  be  to  the  redtangle  A  M,  M  H, 
as  B  C  is  to  C  A. 

Demonf  ration.  Draw  A  P,  B Q  perpendicular  to  BC,  C  A; 
then  we  have  the  following  proportions,  by  femilar  triangles;  as 
M  B  :  M  H  :  :  A  B  :  A  P ;  and  as  M  F  :  M  A  :  :  B  Q  :  B  A ; 
hence  as  M  B  x  M  F  :  A  M  y  M  H  :  :  B  Q  :  A  P.  But  as  B  Q  : 
A  P  :  :  BC  :  C  A,  Euc.  14.6;  therefore  the  rectangle  M  B, 
M  F  is  to  the  rectangle  M  A,  M  H  as  B  C  is  to  C  A.  Euc , 
11.5.  Q.  E.  D. 

Cor.  \Jl.  If  O  li,  Of  be  drawn  perpendicular  to  B  C,  C  A, 
from  any  point  O  in  M  C;  the  rectangle  M  B,  O /  will  be  to 
M  A,  Oh  as  B  C  is  to  C  A;  for  by  fimilar  triangles  as  fO  : 
O  h  : :  F  M  :  M  H ;  hence  as  M  B  x  Of :  M  A  x  O  h  :  :  M  B 
X  M  F  :  M  A  x  M  H  ;  confequenlly  as  M  B  x  Of  :  M  A  x 
O  h  :  :  B  C  :  C  A.  Euc.  1 1 .5. 

Cor.  2nd.  Let  the  triangle  ABC  be  ifofceles,  having  the 
fides  BA,  AC  equal;  alio  let  C  M,  B  jW,  drawn  to  the  op- 
polite  tides  BA,  A  C  meet  in  O;  then  the  point  S  is  given, 
in  which  AO,  produced  if  necefiary,  cuts  the  remaining  fide 
C  B.  For  draw  Of,  O  g  perpendicular  to  C  A,  A  B,  and  we 
thall  have,  as  BS  xOf:  C  S  x  O  g  : ;  B  A  :  A  C,  Cor.  1;  but 
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B  AC  are  equal  by  hypothefis;  therefore  B  Sx  Of  =  C  S  Certain  proper- 
xOg;  hence  as  Og  :  Of::  B  S  :  SC;  confequently  thetiesof  trun8le,# 
point  S  may  be  found,  proper  attention  being  paid  to  Cor . 

Prop.  I . 

Proportion  3.  If  three  right  lines  C  M,  BN,  AS,  drawn 
from  the  three  angles  of  a  triangle  ABC  (Fig.  1  and  2)  meet 
each  other  in  a  point  O,  and  the  oppofite  tides  B  A,  A  C  and 
C  B,  in  M,  N  and  S;  the  fegments  of  any  one  fide  are  as  the 
redangle  under  the  alternate  fegments  of  the  remaining  two 
tides;  i.  e.  B  S  is  to  SC  as  the  rectangle  B  M,  A  N  to  the 
redangle  C  N,  A  M. 

Demonfir  ation.  Draw  Of,  O  g,  O  h  perpendicular  to  C  A, 

A  B  and  B  C.  Then  as  B  C  :  C  A  :  :  B  JVI  x  Of :  A  M  x  O  h; 

Cor.  1.  Prop.  2  ;  for  the  fame  reafon  asAB:  BC  ::  NAx 
Ok  :  N  C  x  O  g;  hence  as  BA:  A  C  : :  M  B  x  N  A  x  Of  : 

N  C  x  M  A  x  O  g ;  but  as  B  A  :  AC  : :  B  S  x  Of :  C  S  x  O  g ; 
confequently  B  S  is  to  S  C  as  the  redangle  B  M,  A  N  is  to  the 
rectangle  C  N,  AM.  Q.  E.  D. 

Cor.  If  two  right  lines  C  M,  B  N  be  drawn  from  two  an¬ 
gles  of  any  plain  triangle  ABC,  fo  as  to  meet  each  other  in 
a  point  O,  and  the  oppofite  fides  B  A,  AC  in  M  and  N;  a 
point  S  may  be  found  in  the  remaining  tide,  produced  if  ne- 
ceffary,  fo  that  if  S  A  be  joined,  the  right  line  A  S  (hall  pals 
through  O.  For  fince  the  right  lines  B  M,  M  A,  AN  and 
N  C  are  given,  the  rectangles  B  M,  A  N  and  C  N,  A  M  are 
alfo  given  ;  confequently  the  ratio  of  thefe  redangles  is  given  : 
but  the  right  line  A  O  cuts  the  tide  C  B,  produced  or  not,  ac¬ 
cording  to  circum dances,  in  the  fame  ratio,  by  the  lad  pro- 
potition  ;  therefore  if  both  M  and  N  lay  betwixt  the  angular 
points  of  the  triangle,  or  in  their  refpedive  tides  produced, 
divide  B  C  in  S,  fo  that  B  S  may  be  to  S  C  in  the  ratio  of  the 
redangles  B  M,  A  N  and  C  N,  A  M  ;  then  will  S  be  the  re¬ 
quired  point  by  Cor.  to  Prop.  1  ;  but  if  M  befituated  betwixt 
the  angles  B,  A,  and  N  lay  in  C  A  produced;  find  S  in  C  B 
alfo  produced,  fo  that  B  3  may  be  to  S  C  as  the  redangle  B  M, 

A  N  is  to  the  redangle  C  N,  A  M  ;  and  S  will  be  the  re¬ 
quired  point,  by  the  corollary  lad  referred  to. 

Prop.  4.  Let  three  right  lines  C  M,  B  N  and  AS  f  Fig.  1 
and  2)  drawn  from  the  three  angles  of  a  triangle  ABC,  in- 
terfed  each  other  in  a  common  point  O,  and  meet  the  oppo¬ 
fite 
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Certain  proper-  fife  fi^es  RA,  A  C  and  C  B,  in  the  points  M,  N  and  S  ;  if 
to  or  w-agkto  A  N  be  tQ  N  c  as;  APg  js  to  BPC  ;  but  B  M  be  to  M  A  as 

BrC  is  to  C'A  ;  then  will  BS  be  to  S  C  as  the  product  of 
B*A'into  BrC  is  to  the  product  of  BPC  into  ArM. 

Demon!}  rat  ion.  As  A  N  :  N  C  : :  BPA  :  BPC  ;  and  as  B  M 
;  M  A  : :  BrC  :  CrA  by  hypothecs ;  hence  as  B  M  x  A  N  : 
C  N  x  A  M  :  :  BPA  x  BrC  :  BPC  x  CrA  ;  but  as  BMxAN: 
N  CxAM  ::  BS  :  SC;  consequently  B  S  is  to  SC  as  the 
product  of  BPA  into  BrC  is  to  the  produdt  of  BPC  into  CrA. 
Euc.  11.5.  Q.  E.  D. 

Corollary  lft.  The  preceding  theorem  is  general ;  for  the 
latios  of  B  M  to  M  A,  and  of  A  N  to  N  C  can  be  exprefied 
by  fome  power  or  powers  of  the  lines  B  C,  C  A  and  A  B, 
B  C,  which  contain  the  angles  oppofite  to  the  tides  B  A  and 
A  C  ;  therefore  if  the  points  M,  N  and  S  be  arranged  accord¬ 
ing  to  the  corollary  to  Proportion  1  ft,  and  the  fegmenls  be¬ 
twixt  thefe  points  and  the  adjacent  angles  have  the  ratios  at- 
figned  in  the  prefent  theorem,  right  lines,  drawn  from  M,  N 
and  S  to  the  oppofite  angles,  will  all  meet  in  one  point. 

Cor.  2.  When  r  and  p  are  equal,  B  S  is  to  S  C  as  BPA  is 
to  APC  by  the  propofition ;  therefore  if  the  fegments  betwixt 
the  points  M,  N,  S  and  the  adjacent  angles  are  in  the  ratios  of 
the  adjacent  tides  raifed  to  any  given  power,  right  lines,  drawn 
from  M,  N  and  S  to  the  oppolite  angles,  will  all  meet  in  one 
point  by  Cor .  1  ft. 

Cor.  3rd.  Let  p  =  o  ;  then  as  B  S  :  S  C  : :  B°A  :  A°C 
by  the  propofition;  but  B°A  :  A°C  is  the  ratio  of  equality; 
therefore  if  M,  N  and  S  bifedl  the  three  fides  of  a  triangle, 
lines  drawn  from  them  to  the  oppofrte  angles  will  meet  in  one 
point  by  Cor.  2nd. 

Cor.  4.  Let  p  —  1  ;  alfo  let  M  and  N  interfedt  the  Tides 
B  A,  A  C  not  produced  ;  then  S  lays  between  the  angular 
points  B,  C,  Cor.  Prop.  1  ;  and  as  BS:SC::BA:AC, 
Cor.  2 ;  therefore  the  right  line  S  A  bifedts  the  angle  B  AC; 
confequently  if  three  right  lines  bifedt  the  three  internal  an¬ 
gles  of  a  triangle,  they  fhall  all  meet  in  one  point  by  the  lad 
propofition. 

Cor.  5.  Let  p  =  I  as  before  ;  alfo  fuppofe  M  to  be  in  the 
fide  B  A  not  produced;  but  let  N  be  without  the  triangle; 
then  S  is  in  C  B  produced,  Cor.  Prop.  1  ;  but  as  B  S  ;  S  C  : ; 
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B  A  :  AC,  Cor.  2  ;  therefore  SAbifeds  the  angle  B  AN^ 
(Simpfon’s  Euclid,  .6  A)  ;  a!fo  as  B  M  :  M  A  :  :  B  C  :  C  A; 
therefore  C  M  bife&s  the  angle  AC  B,  Euc.  3.6  ;  cont'equently 
if  two  lines  bilecf  any  two  of  the  external  angles  of  triangles, 
ami  a  third  line  bifeft  the  internal  angle  oppofite  to  thefe  an¬ 
gles,  thele  lines  (ball  meet  in  one  point  by  the  la  ft  proportion. 

Prop.  5.  If  B  M  be  to  M  A  as  BPC  to  CPA  ;  and  h  O,  O/be 
perpendicular  to  B  C  and  CA;  h  O  is  to  O/as  Bp  — 1 C  to 
Cp  -1  A. 

Demonjlration.  As  B  M  x  O  / :  A  M  x  O  h  : :  B  C  :  C  A, 
Cor.  1.  Prop.  2;  and  as  BPC  :  APC  :  :  B  M  :  M  A  by  hypo¬ 
thecs  ;  therefore  as  BPC  x  Of  :  APC  x  O  h  ; :  B  C  :  C  A  ;  con- 
fequently  as  O  h  :  Of::  Bp — ‘C  :  Cp  XA.  Q.  E.  D. 


III. 

A  Communication  on  the  Ufe  of  Green  Vitriol,  or  Sulphate  of 
Iron,  as  a  Manure;  and  on  the  Efficacy  of  paring  and  burn¬ 
ing  depending,  partly,  on  Oxide  of  Iron.  By  George 
Pearson,  M.  D.  Honorary  Member  of  the  Board  of  Agri¬ 
culture,  E.  R.  S.  From  a  Communication  made  by  him  to  the 
Board ,  and  inferted  in  the  fourth  Volume  of  their  Trunfatiions • 

(Concluded  from  page  214.) 

APPENDIX. 

The  following  facts,  lately  difeovered  by  molt  relpectable 
diem  ids,  appear  to  be  worth  adding  to  the  preceding  memoir, 
as  they  ferve  to  fhew  that  other  falts,  befides  fulphate  of  iron 
and  certain  earths,  may  be  employed  advantageoufly  as 
manures,  although  like  iron  they  have  been  efteemed  deleterious 
to  plants. 

1 .  Afh.es  of  Pit  Coal  are  a  good  Manure  for  Grafs. 

Ely  much  valued  friend,  the  Rev.  William  Gregor,  of  The  afhes  of  pit 

Grampound,  on  examination  of  the  allies  of  coal  from  Liver-  toal  Jre  *  goodr 
r  >  _  manure  for  grais. 

pool,  found  them  to  contain  both  fulphate  of  magnefia  and 
fulphate  of  lime,  elpecially  the  former,  fait.  I  apprehend 
that  thefe  allies  alio  contain  oxide  of  iron,  or  perhaps  fulphate 

of 
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of  iron,  Thefe  allies,  fays  Mr.  Gregor,  “  Jkcadtd  ”  *  over 
grafs  apparently  produced  good  effects  notwithftanding  the 
Jlilp hate  of  maqrwfia,  which  I  was  well  affured  they  contained. 
See  Nicholfon’s  Journal,  Vol.  V.  p.  225. 

Sulphate  of  From  this  obfervalion  of  Mr.  Gregor,  it  Teems  he  is  aware 

magnefia  may  j|ie  prevailing  popular  opinion,  that  fulphate  of  magneha 

tu  plants,  tho'  is  not  favourable  to  vegetation;  and  to  reconcile  his  fu£t  with 
pure  magnefia  j|,e  unfriendly  nature  oF  magnefia  to  plants,  as  difcovered  by 
Mr.  Tennant,  he  oblerves  that  the  effects  of  fulphate  of 
magnefia  may  be  very  different  from  thofe  oF  magnefia  and 
carbonate  of  magnefia.  I  apprehend  it  is  the  magnefia  (cal¬ 
cined  magnt  fiu)  only  which  this  learned  chemift  found  hurtful 
to  vegetables,  as  the  difeovery  was  made  on  the  examination 
of  Notlingly  lime,  which  the  farmers  near  Doncafter  employ 
as  a  manure,  w  bile  they  rejeft  the  lime  of  their  own  neighbour¬ 
hood.  In  the  latter  Mr.  Tennant  met  with  magnefia,  and  in 
the  former  none.  See  the  account  of  this  important  difeovery 
in  the  Philof.  Tranfaclions. 

2.  The  Earth  from  / IJhes  called  Cinis ,  is  a  durable  and  efficacious 
Manure;  by  Profeffor  M  it  chill,  of  New  York,  one  of  the 
Rcprejentatives  in  Congrejs.  Addreffed  to  Dr,  Pcarjbn. 

Earth  from  afhes  Dr.  Mitchill,  in  a  letter  addreffed  to  me  on  cinis,  or  earth 
isa8°oU m“Rure* found  in  the  aflies  of  wood,  has  made  fome  obfervations  rela¬ 
tive  to  the  preceding  memoir,  which  Teem  worthy  of  notice. 

<c  Aflies  of  wood  contain  very  commonly  fulphate  of  potafli, 
alfo  phofphoric  acid,  befides  other  well  known  falts  ;  but  alter 
thefe  falts  are  fe  para  ted  by  lixiviation,  there  remains  a  peculiar 
earth ,  and  a  fmall  proportion  of  iron.  This  earth  differs  from 
lime,  bary t,  magnefia,  firontian,  or  any  other  known  fpecies 
of  earth.  I  would  call  it  cinis,  for  plentiful,  common,  and 
important  as  it  is,  fcience  has  not  dignified  it  with  a  name. 
To  judge  of  the  excellence  of  this  earth  as  a  manure,  after 
all  the  falts  are  extracted  from  foap  boilers’  afhes,  the  earth 
fells  for  ten  cents  t lie  bufhel,  and  notwithfianding  this  high 
price,  it  is  not  unufual  for  the  farmer  to  pay  for  the  article 
twelve  months  beforehand.  When  ploughed  into  fierile 
ground,  at  twelve  loads  per  acre,  it  produces  great  crops  of 
wheat,  clover,  and  other  forts  of  grafs  and  grain,  and  its 
feitilizing  operation  will  lafi  twenty  years.  Although  fome 

•  From  IxeJaw, 
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of  the  other  ingredients  of  the  allies  left  after  lixiviation  may 
prove  beneficial,  yet  the  efFe&s  are  chiefly  from  the  cinis,  of 
Hew  named  earth. 

“  This  earth,  which  is  fo  prized  in  America  as  a  manure. 
Was  edeemed  of  old  in  Afla,  as  an  ingredient  in  a  cement; 
among  the  ancient  Syrians,  it  was  one  of  the  materials  form¬ 
ing  the  plafler  of  their  walls ;  and  as  it  holds  an  intermediate 
place  between  lime  and  potafli,  it  can  eafily  be  conceived 
how  it  may  a6t  both  as  a  cement  and  a  manure.  It  is  to  bo 
hoped,  chemids  will  turn  their  attention  to  this  important 
fubjeft.”  See  Tilloclds  Philof.  Magazine,  Yrol.  VII.  p.  273> 
for  the  whole  of  this  interefting  letter. 

3.  Several  Metallic  Salts  'promote  Vegetation,  fhewn  by  the  Ex° 
periments  of  Profcffor  Barton,  of  Philadelphia. 

Letter  from  Benjamin  Smith  Barton,  M.  D.  Profeffor  of  Medicine 
in  the  College  of  Philadelphia,  to  Dr.  Pearfon,  containing 
Experiments  with  Metallic  Solutions  to  determine  their  Effects 
on  Plants. 


Sir, 

Philadelphia,  Oft.  28,  1802. 

IX  the  Annals  of  Medicine  for  the  year  1801,  you  inform  Dire#  experX 
us,  that  you  have  lately  read  a  paper  at  the  Board  of  Agricul-  ^ oTmeullit 
ture,  “  containing  an  account  of  the  efledls  of  a  laline  body  fa! ts  on  vegeta- 
collected  from  peat,  as  a  mod  powerful  manure,  wrhich  turns tlon* 
out  to  be  fulphate  of  iron;  a  fubdance  (you  remark)  hitherto 
conddered  to  be  a  poifon  to  plants.”  This  piece  of  intelligence 
gave  me  much  fatisfaflion.  I  have,  for  fome  years,  been 
engaged  in  ail  extendve  feries  of  experiments,  relative  to  the 
effects  of  various  dimulating  articles,  fuch  as  camphire,  &c. 
upon  vegetables;  and  on  the  abforption  of  certain  powerful 
mineral  lubdances  into  the  organic  fy  dem  of  vegetables.  In 
numerous  indances  I  have  lubjedted  the  dems  and  leaves  of 
plants,  young  and  old,  large  and  fmaJI,  to  the  influence  of  the 
fulphates  of  iron  and  copper.  I  have  found,  that  both  of 
thefe  metallic  falls  are  very  greedily  abforbed  by  vegetables, 
infbmuch  that  I  have  detected  the  prefence  of  iron  in  the 
vedels  of  a  branch  of  mulberry,  at  the  height  of  flve  or  fix 
feet  above  the  place  of  imm«rfion  in  a  folution  of  the  fulphate 
of  this  metal.  A  full  account  of  my  experiments,  I  defign 
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to  communicate  to  the  public  in  two  memoirs.  Permit  me 
to  obferve,  in  the  meanwhile,  that  the  fulphate  of  iron,  applied 
to  vegetables  in  the  manner  I  have  mentioned,  *'  is  only  (to 
life  your  own  words)  a  poifon,  like  almoft  every  thing  elfe, 
from  the  over-dofe.”  In  Jtveral  of  my  experiments,  the  branches 
of  vegetables  that  were  placed  in  vejfels  containing  folutions  of 
fulphate  of  iron  and  copper ,  lived  longer  and  exhibited  more 
figns  of  vigour,  than  fimilar  branches  that  were  placed  in  equal 
quantities  of  f imp le  water.  It  is  true,  that,  in  many  other  ex¬ 
periments,  thefe  metallic  falts  proved  fatal  to  my  plants;  but 
this  was  when  I  employed  too  large  a  dofe.  In  like  manner 
I  had  found  feveral  years  ago*,  that  eamphire,  by  greatly 
ftimulating,  often  kills  vegetables ;  and  yet,  when  properly 
dofed,  this  is  a  very  wholefome  ftimulant  to  plants.  I  had 
alfo  found,  that  large  dofes  of  nitre  (which  is  unqueftionably 
a  powerful  Pimulant  both  with  relpefl  to  animals  and  vege¬ 
tables)  produce  an  appearance  like  genuine  gangrene  in  the 
leaves  of  vegetables :  and  yet  it  is  certain  that  nitre,  w'hen 
it  is  judicioufly  dofed,  may  be  made  to  greatly  a  (lift  the  healthy 
vegetation  of  plants. 

Excufe  the  liberty  I  have  taken  in  troubling  you  with  thefe 
few  loole  hints,  and  permit  me  to  fubferibe  myfelf, 

Sir,  your  very  humble  and  obedient  Servant,  &:c. 

Benjamin  Smith  Barton. 

4.  Sulphate  of  Iron  in  the  Peat  of  Rujfia,  found  by  ProfcJJor 

Robifon. 

Sulphate  of  iron  Something  elfe  befides  vegetable  matter  is  neceflary  to  form 
peat^  111  Rufiian  peat  or  black  mofs  of  the  moors.  The  fmell  of  burning  peat 
is  different  from  (hat  of  vegetable  matter.  Peat  aflies,  fays 
the  Profeffor,  always  contain  a  very  great  proportion  of  iron  ; 
lie  has  feen  three  places  in  Ruflia  where  there  is  fuperficial 
peat  mofs,  and  in  all  of  them  the  vitriol  is  Jo  abundant  as  to 
tjflorefce .  In  particular,  on  a  moor  near  St.  Peterfburgh,  the 
clods  tliew  the  vitriol  (fulphate  of  iron)  every  morning  when 
the  dew  has  evaporated.  According  to  this  learned  Profeflor’s 
obfervation,  the  fulphate  of  iron  in  pit  coal  may  be  accounted 
for  in  the  following  manner :  “  peat  modes  form  very  regular 

*  See  Trnnfaftions  of  the  American  Philofophical  Society, 
Vol.  IV.  No,  xxvii. 
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ffrata,  lying  indeed  on  the  furface;  but  if  any  operation  of 
nature  fhould  cover  this  with  a  deep  load  of  other  matter,  it 
would  be  comprefled.and  rendered  very  folid :  and  remaining 
for  ages  in  that  fituation,  might  ripen  into  a  fubftance  very 
like  pit  coal.  See  the  Medical  and  Chirurgical  Review  for 
November  1803.  n 


5.  Mr.  Anjiey’s  Teftimony  of  the  Uje  of  Peat  Dujl  and  Peat  AJhes. 


SlRy 


Houghton  Regis,  Dec.  3,  1801. 


I  received  yours,  dated  the  18th  of  November  laft,  in  Teftimony  of 
which  you  requeued  me  to  inform  you  what  experiment  I  hadMr* 
made  from  the  turf  dull,  taken  from  Tingrith  Moor.  I  have 
made  ufe  of  the  allies  and  dull  near  thirty  years,  and  I  fre¬ 
quently  lay  on  from  eighty  to  a  hundred  butliels  per  acre. 

Our  land  is  dry  and  very  thin  lfapled,  owing  to  the  chalk  rock 
laying  fo  very  near  the  furface  ;  it  encourages  vegetation  in 
moifl  warm  weather ;  but  when  hot  and  dry,  the  reverfe* 

We  never  mix  any  other  manure  with  it.  It  cofts  about 
loir-pence  per  bufhel,  including  all  expences. 

We  chiefly  fpread  it  on  oar  feed  grafs,  clover,  &c. 


I  am,  Sir,  your  humble  Servant, 

JOS.  ANSTEY. 


IV. 


On  Spe&acles.  In  a  Letter  from  Mr.  Ezekiel  Walker. 


To  Mr.  NICHOLSON. 


Dear  Sir, 

Lynn,  February  16,  1805. 

Jn  a  former  paper,  I  pointed  out  a  property  in  fpectacles,Pofition  rrfpeA- 

wliich  had  been  overlooked  by  the  writers  on  optics  j  but  aslng  ^e<^acies> 

fome  of  your  readers  entertain  opinions  contrary  to  mine, 

the  fubje<51  feems  to  require  further  inveftigation. 

What  I  have  advanced  concerning  fpefiacles  is,  that  we  viz.  that  we  fee 

lee  better  by  oblique,  than  by  direct  pencils  of  ravs  *.  better  by  oblique, 

'  than  by  direct 

rays. 


Phil  ofophical  Journal,  Vol.  VII.  p,  29 1. 
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O' Jf  SPECTACLES. 


Confidcrations 
relating  to 
oblique  pencils. 


Spe&a'cte's 
obliquely  plac'd. 


ft  has  been  demonitrated  by  mathematicians,  that  an  oblique 
pencil  of  rays  has  its  focus  a  little  nearer  the  lens,  than  a 
diredt  pencil ;  but  how  much  this  difference  amounts  to,  at 
different  angles,  feems  not  to  have  attracted  their  attention. 
This  difference,  however,  is  too  confklerable  to  be  dilregard- 
ed,  when  the  rays  of  light  fall  very  obliquely. 

For  let  L  L  [Fig.  3.  PI,  xi.)  reprefent  a  double  convex 
fens,  F  its  focus,  A  F  its  axis,  and  a  b  a  ray  parallel  to  it, 
which  will  be  refracted  to  F,  after  palling  through  the  lens. 
Alfo  let  c  b  and  d  d  be  twfo  oblique  rays  falling  upon  the  lens, 
at  b  and  d. 

Then  the  rays  near  A  F  falling  almoft  perpendicularly  upon 
the  lides  of  the  lens,  are  lefs  bent  than  the  raysc  b,  d  d,  which 
fall  obliquely  on  both  Tides  of  the  lens.  “  For  the  more 
oblique  they  are,  the  more  they  are  bent,  and  turned  out  of 
their  diredt  way.  And  consequently  the  oblique  rays  c  b,  dd, 
an  ill  fooner  intcrfect  in  G,  than  thole  at  F.”  (Emerfon’s 
Optics,  page  124.)  When  the  angle  a  b  c  is  very  confider- 
able,  (he  difference  between  x  F,  and  y  G,  will  likewife 
be  very  confklerable.  And  the  following  fhort  account  of  my 
experiments  will  throw  Tome  light  upon  the  truth  of  this  pro- 
pofition. 

In  the  fpedtacles  that  I  uie,  the  reading  diftance  of  oblique 
rays  is  four  inches  nearer  the  glalfes,  than  Lhe  diftance  at 
which  I  can  fee  beft,  with  the  direct  rays. 

And  by  experiments  made  with  a  lens  of  24  inches  focal 
diftance,  and  4  inches  in  diameter,  contradted  to  J  of  an  inch, 
I  found  the  focal  diftance  of  an  oblique  pencil  of  rays  S  inches 
fhorter  than  the  focal  diftance  of  the  direct  rays.  The  axis 
of  the  lens,  when  placed  for  the  oblique  rays,  made  an  angle 
of  2GU  with  a  line  drawn  from  its  centre,  to  the  candle  with 
which  the  experiments  were  made.  And  the  diftance  be¬ 
tween  the  candle  and  the  lens  meafured  about  10  feet,  when 
the  lens  was  placed  to  receive  the  direct  rays. 

Cor.  1.  When  an  objedt  is  feen  through  fpedtacles,  bv 
oblique  rays,  it  appears  larger  than  by  direct  rays. 

For  the  objedt  is  feen  under  the  greateft  angle,  by  ihofe 
rays  that  are  molt  refracted. 

C<>r.  2.  When  an  object  is  viewed  by  oblique  rays 
through  fpedtacles,  it  is  feen  more  diftinctly  with  one  eye, 
than  with  the  other. 


For 
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For  the  rays  fall  more  obliquely  upon  one  of  the  glides, 
than  upon  the  other. 

Cor.  3.  The  direCt  pencils  of  rays  are  but  feldom  ufed,  by 
a  perfon  whofe  fpeCiacles  are  of  the  longed  focal  didance, 
that  will  afford  him  didinct  vilion. 

For  he  generally  looks  through  thofe  parts  of  his  glades, 
which  are  remote  from  their  centres,  in  confequence  of  that 
motion  which  is  given  to  the  eyes,  to  view  objeCis  in  dif¬ 
ferent  directions. 

I 

I  am.  Dear  Sir, 

Your  mod  obedient  Servant, 

EZEKIEL  WALKER. 


V. 


Remarks  on  certain  Pajfages  in  Dr.  Thom f on's  Chemijlry,  to¬ 
gether  with  J'ome  Experiments  on  Sandarach  and  Majiic.  In 
a  Letter  from  Mr.  R.  Matthew'S. 


To  Mr.  NICHOLSON. 


SIR, 


IN  a  work  of  fuch  importance  as  Dr.  Thornton's  Chemidry, 
which  mult  be  fo  frequently  referred  to  by  the  lovers  of  that 
fcienee,  the  flighted  inaccuracy  ought  not  to  pafs  unnoticed  : 
the  following  observations  therefore,  perhaps  may  be  con- 
fidered  fufficiently  inleretling  to  delerve  a  place  in  your 
valuable  Journal. 

In  his  4th  Vol.  page  307,  Dr.  Thomfon  has  the  following 
remark  :  “  Hitherto  it  has  been  affirmed  by  all  chemifis  both 
ancient  and  modern,  that  the  alkalies  do  not  exert  any  action 
on  the  refins.”  This  remark  I  admit  may  be  generally  true; 
but  although  mod  chemids  have  been  negligent  in  afcertaining 
the  effeCts  of  alcalies  upon  lubdances  of  this  nature,  I  con¬ 
ceive  fome  of  them  were  not  unacquainted  with  the  power 
they  podefs  of  difiolving  rednous  bodies. 

Boerhaave,  for  indance,  in  his  elements  of  chemidry,  page 
545,  exprefsly  fays,  that,  "  both  the  fixed  and  volatile  alcalies 
have  a  difiolving  power,  upon  animal,  vegetable,  and  mineral 
fubdances,  fo  far  as  thefe  contain  oils,  balfams,  gums,  rojins , 
or  gummy  rofins, 


InDr.Thomfor/c 

chemiftry, 


it  Is  Hated,  that 
Chemifts  for¬ 
merly  afferted, 
that  alcalies  do 
not  a6t  upon 
rdjns. 


The  contrary  la 
afferted  by  Boer¬ 
haave  j 


I 


Ho  lira  an  if 
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Hoffmann  alfo,  by  the  method  he  employed  in  diffolving 
amber  with  cauftic  nitre,  evinced  that  he  was  acquainted  with 
this  property  in  alcalies.  Dr.  Thomfon  defcribes  Mr.  Hatchett 
as  the  firft  difcoverer  of  the  a&ion  of  alcalies  upon  refin.  The 
fa£ts  above  quoted  will  leffen  the  originality,  without  diminifti- 
iog  the  value  of  Mr.  Hatchett’s  ingenious  experiments. 

How  therefore  it  can  be  true  that,  *•  all  chemifts  both 
ancient  and  modern,  have  affirmed,  that  the  alcalies  do  not 
exert  any  atfion  on  the  retins”  ]  cannot  eafily  difcern,  un- 
lefs  indeed  we  impute  to  them  (he  moll  palpable  contradic¬ 
tions,  an  error  which  I  believe  is  not  often  found  in  their 
writings. 

Page  340  in  the  fame  volume.  Dr.  Thomfon  aflerts,  that 

finh  offandarach  fandarach  ‘S  n0t  r°IubIe  a,CohoI>  at>OUt  a  fifth  part  of  it  TC- 
is  infoluble  in  maining  undilfolved  ;  and  defcribes  the  infoluble  part  as  pof- 

felling  peculiar  properties,  differing  from  fandarach,  and  calls 
it  Jandaracha,  It  ought  not  to  be  concluded,  that  Dr.  Thomfon 
bimfelf  can  have  chemically  examined  every  fubftance  he  muff 
have  occafion  to  defcribe  in  a  work  which  embraces  fo  great 
a  variety;  but  the  importance  of  fandarach  as  an  ingredient 
in  varnifhes  being  nearly  equal  to  that  of  any  other  refin,  this 
fubftance  certainly  deferves  more  attention  from  chemifts 
than  has  hitherto  been  beftowed  on  it.  I  he  properties  of  this 
refin  as  mentioned  by  Dr.  Thomfon,  are  ftated  to  reft  folely 
on  the  authority  of  Criefe,  no  other  chemift  having  examined 
it. 

Upon  trial  I  found  that  fandarach  was  foluble  in  eight  times 


Dr.  Thomfim 


alcohol. 


Experiment.  It 


weight  of 
alcohol. 


opht'dmff'tV"  i,S  We’Shl  of  alcohol,  a  very  minute  proportion  only  being  left, 
Wiiich  appeared  to  confift  almoft  entirely  of  extraneous  matter. 
Confequenlly  the  fubftance  Dr.  Thomfon  has  denominated 
fandarucha  can  have  no  exiftence  in  this  refin.  It  is  proper 
to  obferve,  that  the  refin  I  made  ufe  of  was  feletfed  fine,  and 
is  known  in  commerce  by  the  names  of  gum  juniper  and 
famiarach.  from  the  obvious  disagreement  in  the  refults, 
perhaps  we  ought  to  conclude,  that  the  fubftance  employed 
by  Giefe  in  his  experiments  was  not  true  gum  fandarach*. 

*  Looking  to  feme  chemicn!  notes,  J  find  that  when  three  or  four 
tears  of  fandarach  were  pm  into  pure  alcohol,  and  left  for  a  day, 
a  final  1  quantity  of  thick  fluid  remained  at  the  bottom,  which, 
however,  was  taken  up  by  agitation,  and  the  whole  became  femi- 

opake  :-It  is  remarkable,  that  this  fubftance  is  notjblublein  tallow 
or  oil,  as  common  refin  is.  N. 

% 

4 


Speaking 
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Speaking  of  mallich,  vol.  3,  p.  311.  Dr.  Thomfon  Dr.  Thomfon’s 

fays,  it  is  readily  foluble  in  alcohol.  In  the  fame  valuable 
volume,  page  332,  he  informs  us,  that  “  that  part  of  maftich 
which  is  infoluble  in  alcohol  is  faid  to  be  pure  caoutchouc.” 

In  inveftigating  this  apparent  contradiction,  I  examined  the  The  Author’s 
aCtion  of  alcohol  upon  maftich,  and  found  that  nearly  a  fifth  exPer‘ments* 
part  of  it  remained  undiflolved.  This  refiduum,  after  re-  Alcohol  leaves 
peated  walkings  in  alcohol,  was  white,  confiderably  eladic,  iVh^umi i f 
and  adhefive;  it  was  inflammable;  and  when  heated  became  folved, 
brown,  emitting  inflammable  gas.  In  this  date  it  had  much  refembling 
the  appearance  of  common  Indian  rubber,  but  fomewhat indian  rubt,er* 
glutinous :  It  was  not  in  the  lead  aCted  on  by  water. 

I  was  induced  to  try  the  effects  of  different  mendrua  on  Comparative  ex- 
this  refiduum,  and  on  the  eladic  gum  caoutchouc,  with  a  percents  on  the 

*  .  .  ,  rendue  of  mas- 

view  to  alcertain  their  identity  or  otherwife.  The  lollowmg  tich,  and  on 
are  the  refults  I  obtained  :  caoutchouc. 

Sulphuric  ether,  previoudy  wathed  with  diddled  water, 
diOolved  this  refiduum  as  well  as  caoutchouc. 

Alcohol  precipitated  both  thefe  fubdances  from  their  folvent 
in  the  form  of  a  white  curd. 

Water  had  no  action  on  the  folutions. 

By  the  nitric  acid  the  refiduum  was  converted  into  a  yellow 
brittle  porous  mafs,  nitrous  gas  being  difengaged  from  the 
acid. 

Nitric  acid  did  not  a£t  fo  eadlyon  caoutchouc;  but  when 
raifed  to  the  boiling  point  it  changed  it  into  a  dmilar  fub« 
ltance. 

With  the  fulphuric  acid  a  fubdance  like  charcoal  was  form¬ 
ed,  the  acid  affuming  a  dark  port  wine  colour,  part  of  it  being 
converted  into  fulphureous  acid. 

The  fame  effedt  was  produced  by  the  fulphuric  acid  on 
caoutchouc,  though  not  without  the  adidance  of  heat. 

Neither  the  muriatic  or  oxymuriatic  acids  appeared  to  have 
any  action  on  either  of  thefe  fubftances. 

Acetic  acid  diflolved  a  fmall  portion  of  the  refiduum,  but 
had  no  action  on  caoutchouc. 

Solutions  of  potadi  and  ammonia  produced  no  effe<5t  on 
either  the  refiduum  or  caoutchouc. 

From  the  above  experiments  it  will  be  obferved,  that  the  Thefe  appear  to 
aoids  a£t  with  greater  facility  on  the  infoluble  part  of  madich,  he  the  lam?, 
than  on  caoutchouc.  Notwithdanding  this  difference  in  their 

action, 
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action,  I  think  it  may  be  inferred,  from  the  coincidence  it| 
their  effects,  that  thefe  bodies  are  fnnilar  fubftances.  Probably 
the  action  of  the  acids  on  the  refiduum  was  aftifted  by  a  (mall 
portion  of  rcfin  which  it  was  combined  with,  and  which  it 
defended  from  the  action  of  the  alcohol  employed  to  diftoIvG 
the  maftich. 

.  I  am,  your  obedient  Servant, 

R.  MATTHEWS* 

March  13,  1805. 


VI. 

The  Dutch  Method  of  curing  Herrings,  extracted  and  tranjlated, 
from  the  German  of  Kriinitz*s  Economical  Encyclopedia 
(Oeconomifche  Encyclop'adie),  Article  Haring ,  by  J, 
Hinckley,  Efq.  F.  S.  A. 

(Concluded  from  p.  224*) 

Dutch  method  I~IeRRINGS,  however,  are  equally  good,  wherever  they 

tf  catching  and  are  taken>  provided  (hey  be  but  caught  in  the  proper  feafon. 

Cur  in  ^  nerr  in^s  •  _  . .  _  #  #  .  4 

and  well  managed.  As  they  die  immediately  on  quitting  their 

element,  halting  and  packing  are  the  circumfiances  which 
principally  affe<5t  their  quality.  The  luperior  excellence  and 
flavour  of  Dutch  herrings,  above  thofe  of  all  other  countries, 
arifes  from  the  clofe  attention  and  indefatigable  induftry  em¬ 
ployed.  Every  thing,  however  minute,  both  as  to  feafon  and 
management,  which  can  maintain  the  reputation  they  have 
enjoyed  tor  more  than  two  hundred  years,  is  moft  punctually 
obferved  \  and  above  thirty  ordinances  on  (he  curing  and  ma- 
nagement  of  herrings  are  recited  by  Sir  William  Temple,  in 
>  the  17th  century. 

Herrings  cured  with  Scotch  fait,  very  quickly  decay. 
Thofe  of  Norway  are  cured  in  the  tame  manner  as  the  Scotch, 
but  with  French  fait,  and  packed  in  fir  or  deal;  in  confe- 
quence  of  which  they  are  worfe,  and  lefs  palatable,  as  they 
leave  a  four  lafte  in  the  mouth,  and  foon  fpoil.  In  like  man¬ 
ner,  other  nations  are  equally  carelefs  in  aflorting  the  fifh, 
and  to  this  may  be  attributed  the  precedency  vyhich  the  Dutch 
herrings  have  fo  long  maintained.  The  Dutch  catch  their 
f  fe  regularly  and  early  oft’  HiUland,  from  the  25th  of  June, 

becaufq 
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becapfe  they  are  then,  and  to  the  beginning  of  July,  fatted;  Dutch  method 

after  which  time,  the  nearer  they  approach  the  coaff,  the ut'  c<,t^mg  an(1 

J  1  1  curing  herrings* 

leaner  and  worle  they  are. 

It  redounds  no  lefs  to  the  honour  of  the  Dutch,  than  to 
their  advantage,  that  they  pay  the  utmoft  poffible  attention 
to  thefe  rules:  according  to  which,  the  fifli  mud  be  taken  at 
the  proper  feafon,  properly  halted,  well  afforted,  and  rightly 
packed  ;  to  do  all  which,  the  captain  and  bailors  are  by  feveral 
laws  obliged  to  bind  them  helves  by  oath,  before  they  fail. 

There  are  alfo  overleers  well  paid,  that  they  may  not  betray 
th  eir  trud,  but  watch  and  enforce  every  the  minuted  regula¬ 
tion  •  to  which  circumdance  alfo,  the  pre-eminence  of  Dutch 
herrings  throughout  the  world  may  partly  be  afcribed. 

As  foon  as  the  herrings  are  taken  out  of  the  water,  they 
are  thrown  either  upon  the  end  of  the  deck,  which  has  been 
cleared,  and  made  perfeftly  clean  for  the  purpofe,  or  into 
bafkets  ;  ^nd  then  gipped  (the  gills  and  guts  taken  out)  with 
a  knife,  by  fome  of  the  crew,  wdio  are  folely  employed  there¬ 
in,  having  been  brought  up  to  that  practice.  The  milt,  or 
roe,  however,  is  always  left  in  the  d(li.*  What  are  taken 
during  one  night,  are,  before  the  following  fun-fet,  neatly 
and  fkilfully  laid  in  oaken  barrels,  coarfe  Spanifh  or  Portu- 
guefe  bay  fait  being  d  re  wed  between.  This  the  fifhermen  of 
other  countries  either  entirely  negledt,  or  lefs  carefully  per¬ 
form,  being  lefs  fcrupuloufly  nice  ;  becaufe  they  either  go  out 
to  fea  later,  or,  like  the  Scotch,  commence  fifhing  too  foon  ; 
or  only  navigate  fmall  boats  near  the  coad  ;  do  not  kill  the  fifli 
with  a  knife,  or  gut,  fait,  or  pack  them,  while  on  board, 
but  throw  them  down  in  a  boat,  and  when  fully  laden,  go  on 
fhore,  proceed  at  their  leifure,  cad  the  fifli  on  the  fea-coad 
in  confiderable  heaps,  where  they  are  even  differed  to  lie 
fometimes  feveral  days,  before  they  are  gutted,  faded,  and 
packed,  in  conference  of  which  they  grow  dale  and  ferment. 

The  Dutch,  on  the  contrary,  indefatigably  purlue  their  me¬ 
thod  day  and  night,  during  twenty,  twenty-four,  or  twenty- 
fix  weeks,  be  the  weather  what  it  may.  Hence,  their  fift> 
are  ufually  more  tender,  better  flavoured,  and  not  fo  very 
fait  as  the  Englifli  and  the  Scotch, 

*  Mr.  M'Culloch’s  Treatife  (fee  note,  page  413)  fays,  they 
fhould  alfo  be  kept  cleanly,  and  out  of  the  fun,  as  well  as  froft  or 
lain, 

'fhere 
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Dutch  method 
catching  and 
curing  herrings 


4 


There  are  two  methods  of  falting  and  preserving  herrings 
for  a  contiderable  length  of  time.  The  one  is  called  white 
falling,  the  other  red.  The  former  is  thus  performed.  Im¬ 
mediately  on  being  taken,  the  fifli  are  gutted,  as  above  de- 
fcribed,  and  wafhed  in  clean  water.  T  hen  fait  is  fprinkled 
on  them,  either  internally,  or  both  within  and  without,  and 
the  fiih,  being  thrown  into  large  balkets  with  handles,  are 
well  roufed,  (or  fliaken  about  a  few  times)  that  the  fait  may 
the  better  diffule  itfelf,  and  penetrate:  or,  laflly,  which  is 
the  beft  method,  they  are  thrown  into  a  tub  filled  with  a 
jflrong  brine  made  with  bay  fait  and-frefh  water,  in  which 
an  egg  will  fwim.  In  this  pickle  they  are  left  upon  deck 
in  the  open  air,  provided  the  weather  be  good,  during  twelve 
or  fifteen  hours;  but,  if  circumftances  require,  a  good  deal 
longer,  and  are  well  fiirred  (efpecially  if  pickled  on  fhore) 
with  (hovels  feveral  times,  that  the  fait  may  the  better  and 
more  generally  penetrate  every  where.  Laflly,  to  pack  them 
properly,  they  are  taken  out  of  the  pickle,  buffered  to  drain 
fufficiently,  and  then  packed  in  barrels,  which  are  flrewed  at 
bottom  pretty  thickly  with  fait,  and,  if  there  is  time  enough, 
they  are  neatly  laid  in  ffrata  or  layers,  always  firevving  fuffi- 
cient  fait  upon  each  !a)er.  But,  if  the  abundance  of  fifli  be 
too  great,  they  are  thrown  in  promifcuoully,  with  as  much 
fait  as  is  requifite  to  preferve  them  from  fpoiling.  When  this 
is  done  in  flrata,  each  new  layer  is  preffed  down  hard  upon  the 
preceding.  This  laft-mentioned  procefs,  however,  cannot 
eafily  be  attended  to  at  fea,  efpecially  when  the  fifhery  is 
very  abundant.  Hence,  if  the  fifh  are  to  be  exported,  or 
remain  long  unufed,  they  are  re-packed  on  fhore,  laid  in  frefli 
fait,  and  prefled  down  hard  ;  without  which  precaution  her¬ 
rings  exported  by  fea  would  Ipoil.  The  fame  practice  is  pur- 
fued  in  France,  Hamburgh,  and  doubtlcfs  elfewhere.  At 
Hamburgh,  as  in  Holland,  they  are  packed  in  the  open  air, 
ten  packers  and  three  overfeers  being  appointed  for  the  pur- 
pofe,  and  all  fworn.  Bcfides  re-packing,  the  packers  in  the 
maritime  towns  have  alfo  to  pick  and  alfort  the  fifli,  according 
to  their  goodnefs,  fait  them  anew,  and  put  them  in  fretli 
p;ckle.  It  is  alfo  generally  a  part  of  the  magiftrates  and 
trading  companies  oaths,  not  to  fuffer  any  bad  fifli  to  be  de¬ 
livered  from  the  quay  or  cuftom-houfe. 
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After  packing,  whether  the  goods  are  intended  for  expor-  Dutch  method 
tation  or  home-confumption,  whether  pretied  down  hard  or  °f  catching  and 

i  ii  .1.11  .1  cunnS  herrings* 

not,  they  are  regularly  coopered,  that  the  pickle  may  not  leak 
out,  and  the  fifh  turn  yellow  or  fpoil,  which  takes  place  the 
moment  they  are  deficient  in  pickle.  Properly,  the  herrings 
fhould,  on  the  very  day  on  which  they  are  taken,  not  only  be 
gutted,  but  falted  and  put  in  calks,  or  at  lead  fliould  not  lie 
more  than  one  night  in  the  firft  pic  kle.  And  accordingly  fuch 
hearings  are  diftinguithed  in  France  by  the  name  of  Harengs 
d’une  nuit.  But,  wdien  the  fifhery  is  abundant,  this  is  not 
always  polfible;  fo  that  only  a  part  can  be  properly  attended 
to  ;  and  the  reft,  after  being  gutted,  muft  unavoidably  remain, 
at  leaft  the  whole  following  day,  if  not  longer,  in  the  firft 
pickle,  the  regular  packing  of  them  being  poftponed  till  the 
third  day.  Thefe  fill),  having  flood  two  nights  on  deck  in 
the  open  air,  are  called  Harengs  de  deux  nuits.  But  fuch 
goods  not  only  are  inferior,  but  do  not  keep  fo  well  as  the 
former. 

If  the  fifhermen  mean  again  to  caft  their  nets  on  the  follow¬ 
ing  night,  or  if,  on  account  of  the  great  abundance  of  the 
fhoals,  they  do  not  expe<51  to  complete  the  falling  and  regular 
packing  in  two  days,  the  fifh,  which  they  cannot  fo  complete, 
are  falted  in  large  heaps,  and  are  then  called  Slabbers,  or 
Slabbegut,  coarfe  goods.  Thefe  are  frequently  too  fait,  be- 
caufe  want  of  time  prevents  their  being  properly  managed. 

They  are  put  into  the  fchuyts,  which  always  accompany  the 
herring-buftes,  and  walked  ;  after  which  they  arq  fmoked ; 
though  not  fo  much  as  the  Biddings  (Biicklinge)  or  red-her¬ 
rings.  The  falted  herrings,  hitherto  Ipoken  of,  are  called 
B'ockel  herringe,  or  pickled  herrings,  or,  in  general,  plainly 
Herrings ;  thofe  properly  falted  and  packed  in  layers.  Packed , 
or  Barrel  herrings;  and  thofe  half  falted,  and  promifeuoufty 
packed  in  birrels,  Wrack  herrings. 

The  other  mode  of  curing,  called  Red  falting,  is  thus  per¬ 
formed.  When  the  fifh  are  taken  out  of  the  above-deferibed 
pickle,  in  which,  however,  they  muft  remain  longer  than 
thofe  intended  for  the  common,  or  w-hile-falting,  and  at  leaft 
four-and-twenty  hours  ;  they  are  hung  by  the  head  in  rows 
on  wooden  poles,  in  ftoyes  eonftrucled  for  the  purpofe,  each 
of  which  generally  contains  12,000  herrings.  Being  thus 
placed,  a  fire  is  made  under  them  with  vine-fta!k%  or  any 

green 
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green  faggot-wood,  that  affords  much  fmoke  and  little  flame.1* 
Here  they  remain  till  dried,  and  properly  fmoked,  which  ge- 
nerally  requires  twenty-four  hours.  1  hus  they  become  Bick- 
lings,  or  Red-herrings;  when  Ihefe  are  packed  in  barrels, 
they  are  called  Barrelled  Bieklings,  and  are  much  faked  ; 
but,  if  laid  in  draw,  they  are  called  Straw  Bieklings,  and  are 
iomevvhat  lets  falted.  The  excellence  of  the  Bieklings  prin¬ 
cipally  confifls  in  their  being  large,  fat,  tender,  frefli,  pro¬ 
perly  falted,  pliable,  foft,  of  the  colour  of  gold,  and  not 
torn  or  mangled.  In  Holland,  the  bed  dill  are  cliofen  for  this 
purpofe ;  but  in  other  places,  the  above-deferibed  Slabbers 
only  are  ufed,  or  other  inferior  herrings,  deemed  unlit  for  the 
ulual  mode  of  faking.  The  bed  and  fatted  fmoked  Dutch 
herrings  are  called,  in  German,  Sptckbucklingt',  or  fat  red- 
herrings;  in  low  Saxon,  FUdch'dringe  ;  and  in  Hamburgh, 
piukhceringe.  They  are  cut  open  along  the  back.f 

f 

*  At  Bremen,  the  place  mod  celebrated  for  fmoking  fifl i,  and 
where  no  fecret  is  made,  as  in  Holland,  of  the  procels,  they  are 
hung  in  ovens  of  the  fize  of  a  fmall  parlour,  and  Ariel  attention  is 
paid  not  to  ufe  fir,  or  any  wood,  in  which  is  any  the  lead  turpen¬ 
tine  or  refintais  matter,  which  invariably  gives  a  bad  tade  to  the 
fhh. 

-f-  The  a<5t  of  parliament  regulations,  and  many  tifeful  okferva- 
tions,  may  be  feen  in  two  dnall  tra6ts,  8v o,  in  poffetTion  of  the 
Society  for  the  Encouragement  of  Arts,  Manufactures,  and  Com¬ 
merce,  the  one  entitled,  “  Obfervntions  on  the  Herring-Fifhery 
upon  the  North  and  Ead  Coads  of  Scotland,  &c. ;  with  plain  Rules, 
propofed  for  curing,  and  for  fnpplying  the  London  Market  with 
White  Herrings  :  By  Lewis  M‘Culloch,  many  Years  employed  in 
furnifhing  the  Merchants  of  London  with  Hei rings  for  Exportation, 
London.  Richardfon,  1788.”  The  other  entitled,  “  The  bed 
and  mod  approved  Method  of  curing  White  Herrings,  and  all 
Kinds  of  White  Fifli  ;  containing  particular  Directions  how  to  flit, 
gut,  fait,  dry,  and  barrel  them,  fit  for  Sale  at  home  or  foreign 
Jvlarkets;  with  Directions  for  boiling  of  Oil :  By  a  Trader  in  Fid;. 
London.  J.  Davidfon,  1750,” 
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VII. 


Th  Denfity  of  Mercury  in  its  folid  State  afcertained ,  By  Mr. 

John  Biddle. 

To  Mr.  NICHOLSON. 


SIR, 


Birmingham ,  March  4,  1 805. 


1  LI'  the  Philofophical  Society  in  Birmingham,  of  which  I  Experiments  be¬ 
am  a  member,  I  read  a  few  weeks  ago  a  Iedure  on  mercury.  *Te  ^  1 

°  J  pnicat  Society  11* 

In  the  courle  of  my  experiments  on  this  lubjedt,  conducted  Birmingham, 
with  a  view  of  exhibiting  this  metal  in  a  folid  date,  by  ex- 
pofure  to  the  frigorific  mixture  of  muriate  of  lime  and  fnow, 
it  appeared  to  me  the  fpecific  gravity  of  this  metal  would  be 
moft  accurately  obtained  in  companion  with  other  metals 
under  timilar  circum fiances  of  folidity  and '"temperature.  I 
therefore  undertook,  amongft  a  variety  of  others,  the  follow¬ 
ing  experiments,  to  afeertain  its  fpecific  gravity  in  a  folid 
ftale,  which  I  believe  had  never  before  been  accomplifhed  : 

They  fucceeded  to  my  fatisfaclion,  and  to  the  gratification  of 
(ome  who  were  prefen t :  I  am,  therefore,  inclined  to  be¬ 
lieve,  you  will  think  them  worth  inferting  in  your  Philofo¬ 
phical  Journal. 

I  am  very  refpeclfully  yours, 

JOHN  BIDDLE. 


HAVING  purified  mercury,  by  d i {tilling  from  an  earthen  Mercury  was  pu- 
retort  into  a  glafs  receiver  50  per  cent,  of  the  quantity  put  in,  pitied  oy  diftilia- 
to  avoid  the  alloy  of  any  other  metal,  and  afterwards  having 
heated  it  to  300°  of  Fahrenheit,  to  drive  off  any  water  that 
might  adhere,  fiich  as  was  ufed  in  cither  experiments,  and 
expofed  to  the  adion  of  muriate  of  lime  and  lnow, — I  pro¬ 
ceeded  as  follows  : 

One  thoufand  grains  of  this  mercury  were  introduced  to  the  and  expofed  to 
freezing-mixture,  together  with  three  ounces  of  alcohol,  in  a]°Cohof Undcr 
a  round-bottomed  glafs ;  and  having  placed  in  the  mercury 
a  fine  bent  wire,  the  weight  of  which  was  previoufiy  known 
when  immerfed  in  the  lame  alcohol,  to  a  certain  point,  in  the 
temperature  of  47  degrees  above  zero  o!  Fahrenheit :  this  wire, 
during  the  congelation  of  the  mercury,  was  fixed  in  il,  fo 

that 


254 


DENSITY  OF  SOLID  MERCURY* 


that  the  whole  became  attached  to  the  inner  fur  (ace  of  the 
glafs,  and  could  not  be  feparated  until  the  glafs  with  its  con¬ 
tents  was  taken  out  of  the  freezing-mixture,  and  warmed,  by 
dipping  it  in  water,  fo  as  to  (often  the  mercury  at  the  fur  (ace 
attached  to  the  glafs ;  one  hand  being  applied  to  the  wire  at 
the  fame  time,  to  draw  the  mercury  from  the  glafs  at  the 
moment  of  its  being  loofened  :  it  was  then  replaced,  as  be¬ 
fore,  in  the  freezing-mixture. 

Vifible  figns  of  During  the  congelation  of  the  mercury  it  was  obferved, 

great  contraction  furface  0f  ([ie  nietal  towards  the  centre  was  very  confi* 
of  the  mercury  r  J 

by  freezing.  *  derably  deprelfed  by  the  contraction  of  its  particles,  and  the 

vefl'el  having  been  moved  during  its  congelation,  a  tmall  hole 
nearly  reaching  the  bottom  of  the  glafs,  was  obterved  gra* 
dually  leflening  in  its  dimenfions,  prefenting  a  conical  cavity 
with  the  apex  downwards.  The  w'ire  which  held  the  mercury 
attached  to  it  was  now  fixed  by  the  other  bent  end  to  the 
hydroftatic  balance,  which  held  in  the  oppolite  fcale  the 
weights  b\  which  the  mercury  had  been  weighed  in  the  air, 
together  with  the  balance  of  the  wire  immerfed  in  the  fame 
alcohol  to  a  point  marked  on  the  wire. 

It  appeared  by  weighing  the  1000  grains  of  mercury  thus 
immerled  in  alcohol,  the  lols  of  weight  w-as  59,8  grains:  this 
w  as  weighed  five  or  fix  times,  with  the  glafs  dill  in  the  freez¬ 
ing  mixture,  with  the  fame  refult ;  but  w  hen  it  was  w  ith¬ 
drawn  only  a  little  way  from  the  muriate  of  lime  and  fnow, 
the  difference  of  weight  was  perceptible,  in  confequence  of 
the  temperature  of  the  mercury  and  alcohol  increafing. 
Comparative  ex-  One  thousand  grains  of  pure  iilver,  weighed  by  the  fame 

ea u aT^vei eh t^of °  ‘muK‘rfed  »n  the  fame  alcohol  at  the  fame  temperature, 

loft  in  weight  88,105  grains:  therefore,  as  the  lofs  of  the 
weight  of  the  mercury  is  to  the  lofs  of  weight  in  the  filver,  fo 
is  the  fpecific  gravity  of  the  filver  to  the  fpecific  gravity  of  the 
mercury. 

J 

The  fpecific  gravity  of  the  filver  in  the  fame  balance  having 

fofld8mercury  isbeen  afcertaincd>  by  diftilled  water,  to  be  10,436,  it  follows, 
deduced  d  this  fum  be  multiplied  into  the  fum  of  its  lofs  fufpended  and 

=  15.612*  weighed  in  alcohol,  and  divided  by  the  fum  of  lofs  of  mer¬ 

cury  weighed  in  the  fame  way,  that  the  fpecific  gravity  of 
ihe  mercury  in  the  (olid  date,  at  about  40  degrees  below'  zero 
011  Fahrenheit’s  lcale,  equals  15,612. 


Lofs  of  weight 
by  the  immer 

fion. 


equal  weight  of 
filver. 


Whence  the  foe- 
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By  the  fame  hydroflatic  balance  it  appears,  the  fame  mer-  Sp.Gr.  when 
cury  in  a  fluid  date,  the  thermometer  Handing  at  47  degrees 
above  zero,  is  13,545. 

By  thefe  experiments  it  appears,  the  difference  of  denfity 
between  its  fluid  Hate,  at  the  temperature  of  47°  above  zero, 
and  its  folid  Hate,  at  40°  below  zero,  is  2,0673  in  13545,  or 
1,5265  in  10,  which  is  15,265  per  cent,  that  is,  nearly  yth 
of  its  greatefl  volume,  or  nearly  -|th  of  its  lead  volume. 


VIII. 

Obfcrvutions  on  Mr.  Boswell’s  Geometrical  Propofitions.  Bp 
An  Old  Correspondent. 

To  Mr.  NICHOLSON. 


SIR, 


March  6,  1805. 


W  HEN  your  ingenious  correfpondent  Mr.  Bofw'ell  fen t  On  Mr.  Bof- 
to  you  his  difeovery  of  a  ready  method  of  determining  a  well  s  lines .  ^ 
chord-line  equal  to  the  fide  of  a  fquare  of  the  fame  area  as  the 
circle  in  which  it  is  drawn,  it  fhould  feem  that  he  was  not 
aware  that  the  quantum  of  error  might  be  afeertained  by  cal¬ 
culation,  as  you  have  done  in  the  fubjoined  note,  othervvile 
he  w'ould  not  have  fatisfied  himfelf  with  the  mechanical  proof 
which  he  has  adduced  as  a  ted  of  its  accuracy.  Had  it  oc¬ 
curred  to  you,  I  am  perfuaded  you  would  with  equal  facility 
have  fliewm,  that  this  gentleman’s  other  **  fadl  in  geometry” 
is  Hill  more  erroneous,  though  announced  with  a  degree  of 
confidence  which  appears  to  have  arifen  from  a  raiflaken 
convidtion  of  fuch  obvious  accuracy  as  Hood  not  in  need  of 
proof. 

“  A  right  line  (B  E),  fays  he,  drawn  from  the  extremity  B 
of  the  Lne  I  B,  at  right  angles  through  the  oppnfite  diameter 
(IF)  to  the  circumference ,  will  be  equal  to  a  fourth  of  the  cir¬ 
cumference.” 

Let  us  try  how  far  this  aflertion  is  founded  in  truth.  But  Overfipht  by  in- 
before  we  enter  upon  the  examination,  I  will  beg  leave  to  veriion  of  terms 
point  out  a  circumflance  in  your  note,  page  J52  in  your  IaH^^'^'  'lQv’tc* 
number,  which,  having  arifen  out  of  inadvertence  in  your 

tjranfejibing 
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(ranfcribing  it  mofl  probably*  may  tend  to  puzzle  your  read¬ 
ers,  and  among  the  red  perhaps  Mr.  Bofwell  himfelf,  who 
mud  be  the  mod  intereded  :  You  have  faid,  ‘f  as  the  radius  is 
to  1  W,  fo  is  the  diameter  to  IB,"  (Plate  VIII.  Fig.  10); 
but  I  take  it  for  granted  you  meant,  “  as  I  W  is  to  radius, 
fo  is  the  diameter  to  I  B,”  becaufe  this  analogy  is  agreeable  to 

Farther  clucida-  the  refult  of  your  calculation.  And  as  vou  have  not  men- 

J  J 

tion  oi  the  note.  fjonCcj  }unv  j|ie  doflrine  of  fimilar  triangles  applies  in  the  con- 
drudlion  of  the  figure,  I  hope  you  and  your  numerous  readers 
will  not  deem  me  prefumptuous,  if  I  introduce  the  diagram 
again  with  fome  additions,  particularly  as  it  will  give  me  an 
opportunity  of  proving  more  intelligibly  the  error  of  the  fecond 
propofition  already  quoted.  Any  triangle  formed  in  a  femi- 
circle,  of  which  the  diameter  is  one  fide,  with  its  oppofite 
angle  at  the  circumference,  is  a  right  angled  triangle  (Eucl.  III. 
Prop,  xxxi.) :  This  will  be  the  cafe  in  Mr.  BofwelPs  figure 
if  a  right  line  be  drawn  from  B  to  F,  the  right  angle  being  at 
B;  and  as  the  angle  at  I  is  common  to  the  (mall  right  angled 
triangle  I  O  W,  and  to  the  large  one  I  B  F,  the  two  triangles 
are  fimilar,  and  therefore  the  hypothenufe  I  W  of  the  fmall 
one  is  to  its  bale  I  O,  as  the  hypothenufe  I  F  (or  diameter)  is 
to  the  bafe  I  B  of  the  large  one.  Q.  E.  D. 


How  far  Mr.  With  refpeft  to  the  fecond  propofition,  it  is  very  well 
B.sfccond  pro"  known  (Eucl.  III.  Prop,  xx.)  that  the  angle  formed  at  the 

pofition  is  accu-  1  _  _  _  ° 


rate. 


centre  of  a  circle  is  double  of  the  angle  at  the  circumference, 
if  they  have  the  fame  common  chord  as  a  bafe;  now  in  the 
triangle  I  O  W  (Plate  XI.  Fig.  4),  the  fides  I  O  being 
given  =  .5,  O  VV  =  .25,  and  therefore  I  W  =  .5.5901,  we 
have,  by  a  fimple  cafe  in  plane  trigonometry,  the  angle  at 
I  =26°  33'  5/fA,  the  double  of  which  is  53°  6'  10".86  for 
the  angle  B  O  F  at  the  centre  ;  but  B  G,  one  half  of  the  line 
B  E  in  quefiion,  is  the  fine  of  this  angle,  and  in  natural  num¬ 
bers  is,  by  the  tables,  equal  to. 7997  163,  when  unity  is  ra¬ 
dius  ;  hut,  in  our  figure,  the  diameter  reprefents  unity,  there¬ 
fore  the  double  line,  or  chord  line,  B  E  is  =  .7997  163,  which,  ' 
according  to  Mr.  BofwelPs  aflertion,  ought  to  be  =  .7354,  or 
one-fourth  of  the  circumference  3.1416;  hence  the  error  is 
.01  13163,  or  very  nearly  7*cth  of  the  whole. 

Apology  to  thefe  As  I  have  not  the  plealure  of  knowing  Mr.  Bofwell,  not- 
vvithflanding  I  have  admired  feveral  fpecimens  of  his  ingenu¬ 
ity,  and  as  I  profefs  to  be  a  promoter  of  all  arithmetical  ap¬ 
proximations 


remark;. 
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proximations  and  fcientific  proje£ts,  that  have  for  their  means 
facility  of  application,  and  utility  for  their  object,  I  mean  to 
far  as  they  have  accuracy  to  recommend  them,  I  truft  he  will 
not  impute  any  motive  of  a  perfonal  nature  to  me,  but  give 
me  credit  for  the  declaration,  when  I  affert,  that  the  implied 
invitation  collected  from  his  memoir,  to  alcertain  the  accuracy 
of  any  of  his  projects,  has  been  my  only  inducement  for  laying 
before  the  public  the  prefent  paper. 

I  am,  Sir> 

With  due  refpe<5t, 

An  Old  Correspondent. 


IX. 

A  Memoir  on  Milk  and  the  Lactic  Acid.  By  Cit.  Bouillon 

Lagrange. 

(Concluded  from  page  144.) 

T* HE  muriate  of  foda,  and  more  efpecially  the  muriate  of  Curd  Is  not  fe¬ 
ll’ me,  affords  a  proof  of  this.  Thefe  falts  effect  a  feparation  of  Parated  by 

.  .  •  r  i-  mere  a 0 r actions 

the  curd  only  in  part  ;  and,  neverlhelels,  the  muriate  ot  lime  0f  water. 

has  a  very  great  affinity  for  water:  the  decompofition  ought 
therefore,  in  this  cafe,  to  be  made  in  a  more  finking  manner 
than  with  the  acids. 

Whey  is  not  therefore  the  product  of  fermentation.  The  Whey  not  a 

alcohol  obtained  from  milk  does  not  prove  that  this  formation  Prcdu&  °f  *er* 

1  mentation, 

is  necefTurv  in  order  to  obtain  the  lactic  acid  ;  for  this  laft  may 

be  obtained  from  a  ferum  recently  prepared. 

With  regard  to  the  formation  of  the  carbonic  acid  indicated  Carbonic  acid  Irx 

in  the  lixlh  experiment,  it  is  owing  to  the  decompofition  ofw^ey* 

a  (mall  portion  of  animal  matter,  and  part  of  the  fugar  of  milk 

dilfolved  in  the  ferum.  The  more  of  thefe  (ubflances  is  de- 

compofed  the  greater  will  be  the  quantity  of  carbonic  acid 

formed,  and  accordingly  the  degree  of  acidity  is  more  marked 

on  account  of  the  prefence  of  the  carbonic  acid  ;  but  if  the 

acid  be  expelled,  the  ferum  is  milder,  and  not  fo  four  as  that 

which  has  been  for  fome  time  expofed  to  the  air. 

If  the  ferum  be  expofed  to  the  air  for  ten  or  twelve  days.  Acetic  acid, 

in  proportion  as  the  faccharine  matter  is  decompofed  the  whey 
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becomes  more  acid.  Thefe  degrees  of  acidity  are  owing  to  a 
fmall  quantity  of  acetic  acid,  formed  by  the  aid  ot  carbonic 
acid  and  alcohol  remaining  in  the  liquor,  which  mu  ft  naturally 
augment  the  acidity  of  the  acid  already  formed  in  the  milk. 

With  regard  to  the  fecond  queftion,  Whether  whey  exhi¬ 
bits  acid  properties  only  on  account  of  the  falts  it  holds  in 
foiution  ? 

I  have  proved  that  the  acid  may  be  feparated  from  the  faline 
matters  without  expofing  the  milk  to  the  air  for  a  certain  time, 
as  Scheele  has  directed  ;  and  the  experiments  I  fhall  relate  in 
this  memoir  will  afford  additional  proofs.  So  that  its  acid 
properties  do  not  depend  merely  upon  the  falts  it  holds  in 
foiution,  and  the  lactic  acid  is  not  produced  by  a  fermentation 
fimilar  to  the  acetous. 

Though  the  action  of  caloric  upon  milk  is  generally  known, 
I  fhall  neverthelefs  make  an  obfervation  upon  the  acid  ob¬ 
tained  by  diftillation  with  a  naked  fire,  which  has  for  feveral 
years  been  known  by  the  name  of  the  Zoonic  Acid. 

If  this  acid  be  purified  and  combined  with  potafb,  a  fait 
is  obtained,  which  prefents  all  the  characters  of  the  acetate  of 
potafh. 

I  muft  alfo  obferve  the  cheefy  matter  in  which  fome  ehe- 
mifts  have  been  unable  to  find  phofphate  of  lime,  as  announced 
by  Scheele.  To  obtain  this,  nothing  more  is  necefiary  than 
ftrongly  to  heat  this  fubftance  in  a  crucible  after  having  well 
wafhed  it,  and  to  calcine  it  to  wnitenefs. 

The  refidue  is  a  hard  white  matter,  of  which  fome  fmall 
pieces,  veined  with  blue,  may  be  compared  to  the  turquois. 

The  nitric  acid  diffolves  it  without  effervefcence  ;  lime- 
water  and  ammonia  occafion  a  flocculent  precipitate  of  phof¬ 
phate  of  lime. 

The  oxalate  of  ammonia  alfo  demonftrates  the  prefence  of 
lime. 

SECTION  III. 

Concerning  the  Serum  of  Milk. 

Being  defirous  of  knowing  whether  there  is  any  difference 
between  the  wheys  obtained  from  milk  by  different  fubftances, 
I  made  ufe  of  the  mineral  acids,  fome  vegetable  acids,  falls, 
fuch  as  alum,  the  acidulous  tartrite  of  potafh,  & c.  The  coa¬ 
gulating  fubftance  was  employed  in  due  quantity  ;  as  I  had 

3  remarked, 
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remarked,  that  when  an  excefs  of  acid  is  ufed,  it  is  found  to 
exifl  in  the  ferum  ;  whereas,  when  the  neceffary  quantity  is 
ufed,  it  is  found  in  the  cheefe  only. 

After  having  feparated  the  cheefy  matter  the  ferum  was  it  is  the  fame 

clarified  :  the  wheys  were  found  to  have  all  the  lame  tafte  and  ^Uldin  t^e  drf- 

J  .  .  ferent  cafes, 

colour,  and  poffeffed  the  fame  degree  ot  -acidity. 

This  frefn  whey  turns  fyrup  of  violets  green  :  This  property  It  affetts  fyrup 
muff  be  attributed  only  to  the  union  of  the  yellow  and  blue,  violsts* 
and  not  to  faline  matters,  as  chemifts  have  afferted.  Whey, 
which  has  loft  its  colour  by  expofure  to  the  air,  reddens  the 
fyrup  of  violets. 

The  means  employed  to  afcertain  the  acids  which  had  been 
ufed  to  coagulate  the  milk,  did  not  exhibit  even  the  fmalleft 
quantity  when  the  operation  was  performed  with  exadlnefs. 

I  made  a  comparative  examination  of  the  ferum  which  had  Sour  ferum  by 

(he  ex.P,ofur'  of 
milk 

milk,  the  fame  phenomena  as  were  pointed  out  in  the  fecond 
fedlion  and  third  experiment. 

The  fpontaneous  ferum  differed,  I.  In  its  tafle,  which  was  differed  from 
more  acid;  and,  2.  Its  colour,  which  is  dull  and  whitifh, othei  feium* 
owing  to  white  filaments  which  are  feparated.  It  may  be 
had  clear  by  filtration,  without  acquiring  the  colour  of  frefli 
whey. 

The  cheefy  matter  refulting  from  the  feveral  experiments  cheefy  matter, 
before  related,  gave  the  fame  red  with  tindture  of  turnfole. 

If  it  be  calcined  and  treated  with  the  known  re-agents,  the 


become  four  in  the  open  air;  and  I  obtained,  by  expofing 


prefence  of  fulphuric  acid  will  be  indicated  if  this  acid  has 
been  employed  in  .the  coagulation,  and  alumine  when  alum 
has  been  made  ufe  of. 

I  do  not  therefore  fee  any  inconvenience,  in  preparing  whey  Alum  or  fulphu- 
for  the  purpofes  of  pharmacy,  to  coagulate  the  milk  with  onerlc^cld  be 
or  the  other  of  thefe  fubflances,  more  efpecially  if  the  precau-  coagulate  milk, 
tions  I  have  mentioned  be  attended  to.  Thole  who  have 
thought  it  unwholefome  to  coagulate  milk  with  alum,  have 
doubtlefs  made  no  experiment  on  the  fubjedi. 

Oxigen  gas  is  not  abforbed  by  the  ferum;  even  agitation  Oxigen  and  fe- 
does  not  facilitate  its  union.  rum* 

The  adlion  of  lime-water,  the  folution  of  barytes,  ftrontian,  Other  agents, 
and  fome  metallic  falls,  though  already  known  by  chemifts, 
require  to  be  again  examined,  and  will  enable  me  to  explain 
the  proccffes  for  obtaining  la&ic  acid. 

S  2  SECTION 
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SECTION  IV. 


Handing. 


Habitudes  of 
fugar  of  milk. 


On  the  Sugar  of  Milk. 

Whether  acetic  The  formation  of  acetic  acid  docs  not  arife  merely  from  the 
acid  in  milk  alteration  of  the  fugar  of  milk  ;  and  though  the  experiments 
decompoAtion  of  already  deferibed  admit  of  certain  conjeflures,  I  have  afeer- 
its  fugar.  tained  whether  a  like  quantity  of  fugar  of  milk  could  be  ob¬ 
tained  from  frefh  ferum  and  a  ferum  expofed  for  twelve  days 
at  a  temperature  from  Id  to  20  degrees. 

A  little  fugar  is  I  have  found  that  (our  milk  affords  a  fomewhat  lefs  quantity 
decompofed  by  Gf  fugar  of  milk,  which  proves,  that  a  portion  of  the  faccharinc 
matter  was  employed  in  forming  a  quantity  of  acetic  acid. 

We  may  therefore  obtain  carbonic  acid,  alcohol,  and  acetic 
acid,  either  by  confining  whey  in  clofe  veffels,  or  by  leaving 
it  expofed  to  the  air. 

Other  experiments  made  on  pure  fugar  of  milk  indicated 
nothing  remarkable. 

It  does  not  redden  tin&ure  of  turnfole.  When  diffolved 
in  water  and  expofed  for  a  long  time  to  the  air,  it  does  not 
become  acid.  By  diftillation  it  affords  acetic  acid  along  with 
the  known  products. 

It  is  foluble  in  weak  acetic  acid.  If  a  fmall  quantity  of 
frefti  gafeous  matter  be  added,  it  is  foon  found  that  the  liquor 
holds  it  in  folution.  By  pouring  in  a  few  drops  of  alkali  to 
faturate  the  excels  of  acid,  it  Iofes  its  tranfparency,  becomes 
turbid  and  milky,  with  a  mild  tafte  refembling  that  of  milk, 
and  preserves  its  opacity  for  a  contiderable  length  of  time. 
Ccneral  refults  The  following  refults  are  deducible  from  the  preceding 

refpedting  milk.  fa(^s  • _ 

1.  New  milk  reddens  the  tinfture  of  turnfole. 

2.  The  cheefy  matter  may  be  feparated  without  contact  of 
the  air. 

3.  The  ferum  does  not  retain  the  acids  made  ufe  of  to  coa¬ 
gulate  milk. 

4.  Diftillation  either  of  milk  or  of  fugar  of  milk  to  drvnefs, 
affords  the  acetic  acid. 

5.  The  formation  of  carbonic  acid  and  alcohol  is  owing  to 
mu(  o-facchaiine  matter. 

f>.  A  quantity  of  acetic  acid  is  formed  by  the  fermentation 
of  thefe  fubftances. 

7.  The 
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7.  The  cheefy  matter,  when  feparafed,  always  manifefts 
the  prefence  of  an  acid,  and  differs  in  tafle  and  confidence 
according  to  the  matters  employed  in  its  reparation. 

8.  When  waffled  and  affording  no  fign  of  acidity,  if  it  be 
afterwards  diffuled  in  diddled  water  for  feveral  days,  at  a 
temperature  between  15  and  22  degrees  (about  65  and  80 
Fahrenheit),  it  acquires  adrong  difagreeable  odour;  the  fluid 
flightly  reddens  turn  foie,  and  lime  difengages  ammonia. 

9.  The  ferum  and  the  cheefy  matter  contain,  befides  the 
known  fubdances,  phofphate  of  lime,  as  Scheele  had  an¬ 
nounced. 

JO.  The  difference  which  exiffs  between  frefli  ferum  and 
that  which  has  been  expofed  to  the  air,  conflffs  in  the  acetic 
acid,  which  is  prefent  along  with  the  free  acid  in  the  milk. 

11.  Laftly,  there  exids  in  milk  and  the  ferum  a  free  or 
uncombined  acid,  which  feemed  to  me  to  be  the  acetic  acid. 


SECTION  V. 

Concerning  the  LaBic  Acid. 

Scheele  having  afeertained  that  it  is  not  poffible  to  obtain 
the  acid  by  Ample  diffillation,  had  recourfe  to  peculiar  me¬ 
thods  to  effect  this  fepa ration. 

This  chemid  firft  reduced  the  whey  to  one-eighth  by  eva¬ 
poration  ;  he  then  Altered  it,  and  there  remained,  according 
to  him,  no  more  cheefy  matter. 

He  faturated  the  fluid  with  lime-water,  and  phofphate  of 
lime  was  precipitated  :  This  liquor  having  been  filtrated  and 
diluted  with  three  times  its  quantity  of  water,  he  poured  in 
oxalic  acid  drop  by  drop,  to  leize  and  precipitate  all  the  lime; 
and  he  afeertained,  by  the  addition  of  a  little  lime-water, 
that  no  more  oxalic  acid  remained.  He  evaporated  the  liquor 
to  the  confidence  of  honey  ;  the  thickened  acid  was  re- 
difl'olved  in  rectified  alcohol;  the  fugar  of  milk  and  all  the 
foreign  fubfiances  remained  on  the  filtre,  not  having  been 
diffolved  by  the  alcohol.  Laftly,  after  having  again  added  a 
little  water  to  the  acid  held  in  folution  by  the  alcohol,  he 
drew  off  this  laff  fluid  by  diffillation,  and  found  the  la<5lic  acid 
in  the  retort. 

This  long  and  expend ve  procefs  does  not  afford  a  pure 
acid.  It  was  therefore  necelfary  to  adopt  a  Ampler  procefs 
before  its  nature  was  examined. 

Experiment 


La&ic  add,  not 
obtained  by 
iimple  diftilla- 
tion. 

Scheele’s  pro¬ 
cefs. 

Evaporate  whey 
to  one-eighth. 
Filter.  Saturate 
with  lime-water, 
which  throws 
down  phofphate. 
Filter.  Dilute 
with  water.  Pre¬ 
cipitate  lime  by 
oxalic  acid.  Eva¬ 
porate  to  mucous 
confidence.  Dif- 
folve  the  acid  in 
alcohol  and  filter. 
Then  add  water, 
and  diftil  off  the 
alcohol.  Refidue 
is  lactic  acid. 


It  is  not  pure;, 
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With  fre/h  whey  Experiment  1.  If  inftead  of  expoling  whey  to  the  air  as 
little  acid  is  ob-  yc|leeie  dire6l$,  the  procefs  be  immediately  performed  on  the 

frefh  w  hey,  a  very  imall  quantity  only  of  acid  is  obtained,  which 
is  lets  coloured  and  lias  a  more  animal  fmell. 

This  acid  appeared  to  me  to  be  uncombined  in  the  milk,  as 
its  quantity  was  fo  (mail. 

If  barytes  or  Experiment  2.  Inftead  of  ufing  lime-water  and  the  oxalic 
ftrontian  and  fu'-acjf]^  j  u{e(l  harytes  or  ftrontian  and  the  fulphuric  acid.  By 

ufed  inftead  of  this  means  I  obtained  an  acid  no  Iefs  pure  than  that  of  the 
the  lime-water  Svvedifll  chemift. 

Scheele^the  re-0  Experiment  3.  I  had  likewife  attempted  to  decompofe  a 
fult  is  equally  ladate  of  potafh  with  acetate  of  lead,  expecting  to  form  a 
IVoceh'  with  labiate  of  lead  decompofable  by  the  fulphuric  acid;  but  I  he 
acetite  of  lead  precipitate  thus  formed  is  not  a  lactate  of  lead,  for  when  a 
unfuccefbful.  fufficient  quantity  of  fulphuric  acid  is  added  for  the  purpofe  of 
decompoftng  it,  no  uncombined  acid  is  fet  at  liberty.  It  ap¬ 
pears  (hat  part  of  the  oxide  falls  down  with  the  animal  matter; 
and  tin’s  compound  is  even  to  a  certain  degree  foluble.  It  is 
alfo  found  that  the  fluid  always  retains  much  acetate  of  lead  in 
folution. 

We  therefore  fee  that  though  this  procefs  has  been  pointed 
out  as  fuperior  to  that  of  Scheele,  it  is  certain  that  it  cannot  be 
employed  to  obtain  the  ladtic  acid.  The  following  experi¬ 
ments  were  made  on  the  ladlic  acid  of  Scheele. 

1.  The  intend ty  of  its  colour  may  be  diminifhed  bv  grind¬ 
ing  a  piece  of  red  hot  charcoal  in  a  mortar,  and  pouring  the 
laClic  acid  upon  it.  A  quantity  of  fmall  flakes  were  feparated 
which  rofe  to  the  furface.  The  fluid  was  (lightly  boiled  and 
filtered,  and  the  acid  was  then  lefts  coloured,  and  had  left; 
odour. 

2.  When  this  acid  isdiftilled  in  a  retort  acetic  acid  pafftes 
over  and  a  thick  yellow  very  acid  matter  remains. 

3.  It  may  perhaps  be  thought  that  part  of  this  acid  becomes 
changed  into  acetic  acid  by  the  aftiftance  of  caloric,  as  Ber- 
thollet  obferves  in  his  Chemical  Statics. 

"  The  ternary  acids,  as  this  chemift  obferves,  may  be 
changed  into  acetic  acid,  w  hen  by  the  a£lion~  of  heat  they 
abandon  part  of  their  carbon,  and  their  elements,  which  refill 
this  a&ion  lets,  are  feparated  by  volatilazation.” 

I  have  afeertained  that  great  part  of  this  acid  previoufly 
exifted  in  the  fluid. 


La&ic  acid  of 
Scheele  ex¬ 
amined. 


3.  The 
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3.  The  fame  phenomena  take  place,  but  more  ftrikrngly, 
if  whey  bediftilled  which  lias  been  expofed  fo  the  air  at  the 
temperature  of  15  or  20  degrees  (60  and  68  Fahrenheit)  for 
about  a  fortnight.  The  firft  produdt  is  a  clear  tranfparent  fluid 
of  an  acid  talle,  and  odour  of  alcohol,  which  when  combined 
with  potafli,  forms  an  acetate. 

If  alcohol  be  added  to  what  remained  in  the  retort,  it  be¬ 
comes  coloured.  After  decantation  and  diftillalion,  an  acid  is 
found  in  the  retort  of  a  peculiar  odour,  animalized,  and  re- 
fembling  the  preceding;  but  the  acid  contains  a  very  fmall 
quantity  of  phofphate  of  lime. 

Thefe  experiments  confirm  the  obfervations  I  have  made  :  It  is  a  mixed 
1.  That  a  mixed  acid  is  obtained  by  the  procefs  of  Scheele,  aclli* 
hnd  2.  That  an  acid  exifts  in  milk  and  in  whey  recently 
prepared*  It  remains  to  fliew  the  nature  of  that  acid.  For 
that  purpofe  I  prepared  the  Ia6lic  acid  according  to  the  procefs 
of  Scheele  with  every  neceflary  precaution.  I  even  afcertained 
the  purity  of  my  alcohol,  which  having  been  diftilled  from 
muriate  of  lime,  marked  40  degrees  of  the  aerometer  of  Reau¬ 
mur. 

\ 

The  ladtic  acid  when  diflolved  in  alcohol  was  fubmitted  to  When  diflolved 

diftillation.  There  pafled  into  the  receiver  an  alcohol  which  1°  alcohol  fome 

,  ,  .  .  .  _  ..  r  .  acid  comes  over 

reddened  the  tincture  ot  turntole.  w;th  t^e  fp;rjt> 

When  the  acid  was  totally  deprived  of  alcohol  the  diftilla-  Laftic  acid  re- 
tion  was  flopped.  The  la6tic  acid  of  Scheele  remained  of  a  mained* 
yellow  colour  and  very  four  tafte. 

Experiment  1.  I  mixed  quick  lime  with  this  concentrated  It  gave  out  am- 
acid,  and  a  dilengagement  of  ammonia  took  place.*  moma  by  lime. 

Experiment  2.  If  a  ladlate  of  potafh  be  formed  and  evapo-  La&ate  of  potaih 
rated  by  a  gentle  heat,  a  brown  matter  is  feparated,  which  js  leaves  profile 
infoluble  in  water.  This  being  afterwards  heated  in  a  cruci-  ^  ^  ^Cn’ 
b!e,  the  fait  fwells  up  and  emits  an  animal  odour.  The  pre¬ 
fence  of  pruffic  acid  was  proved  by  diftolving  the  remaining 
matter  in  water  and  adding  a  fmall  portion  of  the  fulphate  of 
iron  in  folution. 

*  I  had  before  afcertained  the  prefence  of  ammonia  in  this  acid. 

I  announced  it  on  the  loth  Nivofe  to  the  Society  of  Pharmacy.  Mr. 

Vauquelin,  who  was  not  acquainted  with  this  fait,  informed  me  at 
the  reading  of  the  firft  part  of  this  memoir  that  he  had  alfo  afcer- 
tained  the  prefence  of  an  animal  matter  in  the  lailic  acid  of  Scheele. 

Experiment 
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Sulph.  acid 
added  to  laftic 
acid  di  (engages 
acetous  acid* 


Piftillation. 


Exj)eriment  3.  If  fulphuric  acid  be  added  to  laftic  acid,  or 
to  a  laftate  of  potath,  a  diSengagement  takes  place  not  only  of 
acetic  acid,  bat  alfo  of  an  elaflic  fluid,  which  forms  a  thick 
cloud  when  in  contact  with  ammonia. 

Experiment  4.  When  the  preceding  mixture  is  diddled  in 
an  apparatus  proper  to  receive  the  gafeous  product  in  water, 
the  diddled  water  of  the  bottle  preferves  its  tranfparency ;  the 
fmell  of  acetic  acid  is  very  evident;  it  reddens  turnfole  and 
precipitates  the  muriate  of  diver. 

When  a  dnall  quantity  of  ammonia  was  brought  near  the 
tube  out  of  which  the  gas  iflued,  a  very  denfe  cloud  was 
formed. 

Fire  deeompofed  Experiment  5  What  was  left  in  the  retort  was  evaporated 
the  acid  of  the  to  drynefs.  This  refldue  was  brown,  very  acid,  and  when 
la&atc  ut  pjtafh.  afterwards  heated  in  a  crucible  of  platina,  (welled  up  and 
left  a  coal. 

During  this  operation  a  fmall  quantity  of  fulphuric  acid  was 
decomposed. 

The  matter  that  remained  in  the  retort,  was  diflolved  in  dif- 
ti lied  water.  The  folution  did  not  redden  turnfole,  but  it  gave 
a  brown  colour  to  paper  tinged  with  curcuma.  A  little 
fulphuric  acid  was  added  to  faturation,  and  after  evaporation 
cryflals  were  obtained  by  cooling,  which  exhibited  the  cha- 
rafters  of  Sulphate  of  potalh. 

As  the  Supernatant  liquor  had  a  metallic  tn He,  prufliate  of 
lime  was  poured  on  it,  wdiich  produced  a  bluith  tinge, 
acid  de*  Experiment  6.  The  laftic  acid  may  alio  be  concentrated  to 
compofed  by  fire  flrynefs ;  heated  to  incineration  in  a  crucible  ;  afterwards  dif- 
folved  in  a  diddled  water  and  precipitated  by  nitrate  of  tilver. 
A  muriate  of  Silver  is  formed  which  may  be  Separated  by  the 
filter;  and  the  fluid  which  contains  the  nitrate  is  then  evapo¬ 
rated  and  decompoted  by  heat.  A  white  matter  remains, 
which  when  diflolved  in  water,  affords  with  the  tartareous 
acid  an  acidulous  tartrite  of  potalh. 

Component  parts  Hence  I  conclude  that  the  laftic  acid  of  Scheele  is  com¬ 
pofed  of  acetic  acid;  muriate  of  potafh;  a  fmall  portion  of 
iron  probably  diflolved  in  the  acetic  acid;  and  an  animal 
matter. 


of  Scheele’s 
ladtic  acid. 
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An  Anah/fis  of  the  Magnetic  al  Pyrites;  with  Remarks  on  fame  of 
the  other  Sulphurets  of  Iron.  By  Charles  Hatchett, 
Ej'j,  F.  R.  S.  From  the  Philofophical  Tranfaitions  for  1804. 


5 1. 

Of  the  various  metallic  fulphurets  which  conflitute  one  ofUniverfal  dif- 

the  grand  divifions  of  ores,  none  appear  to  be  fo  univerfally  dif-  prance  oflfful- 

perfc-d  throughout  the  globe,  as  the  fulphuret  of  iron,  commonly  phurcts  of  iron. 

called  Martial  Pyrites;  for  the  fpecies  and  varieties  of  this  are 

found  at  all  depths,  and  in  all  climates  and  foils,  whether 

ancient,  or  of  alluvial  and  recent  formation.  It  is  remarkable 

ai(o,  that,  under  certain  circum  fiances,  this  fulphuret  is  daily 

produced  in  the  humid  way;  an  indance  of  which,  a  few  years 

back,  I  had  the  honour,  in  conjun6tion  with  Mr.  Wifeman,  to 

Jay  before  this  Society  ;  *  and  although,  in  regard  to  pecuniary- 

value,  the  pyrites  of  iron  may  be  contidered  as  comparatively 

infignificant,  yet  there  is  every  reafon  to  believe,  that  in  the 

operations  of  nature,  it  is  a  fubftance  of  very  confiderable 

importance. 


§11. 

Th  e  fpecies  and  varieties  of  martial  pyrites,  are  in  general  fo  Among  the 

*  numerous  fpecies 

well  known,  and  have  been  fo  frequently  and  accurately  de-  one  -1S  remarkab]e 

fcribed,  as  to  figure,  luftre,  colour,  and  other  external  charac-f°i  ftrong  mag- 
ters,  that  it  would  be  totally  fuperfluous  here  to  give  any  de-netlc  Paldrity* 
tailed  account  of  them.  One  oi  the  Ipecies,  however,  merits 
peculiar  notice,  as  potTefling  the  remarkable  property  of  (trong 
magnetic  polarity;  and,  although  it  has  been  defer  i  bed  bv  mo¬ 
dern  mineralogies, f  it  does  not  appear  to  have  been  as  yet  Ob¬ 
jected  to  any  regular  chemical  examination  ;  fo  that,  whether 
it  be  a  fulphuret  of  iron  inherently  endowed  with  the  magneti- 
cal  property,  or  a  fulphuret  in  which  particles  of  the  ordinary 
magnelical  iron  ore  are  fimply  but  minutely  interfperfed,  has 
to  this  time  remained  undecided. 


*  Phil.  Tranf.  for  1798,  p.  567. 

f  Kirwan,  Vol.  II.  p.  79.  Widenmann,  p.  792.  Emmerling, 
2d  edit.  Tom.  II.  p.  286.  Karlten,  p.  48.  Brochant,  Tome  II, 
p.  232. 
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MAGNETIC  AL  PYRITES. 

This  fpecies  is  known  by  the  name  of  Magnetical  Pyrites, 
anti  is  called  by  the  Germans  Magnet- A  iesf  or  Ferrum  miner  ah- 
futum  magnetico-pyritacewn. 

It  is  molt  frequently  of  the  colour  of  bronze,  palling  to  a 
pale  cupreous-red. 

The  luftre  is  metallic. 

The  fracture  is  unequal,  and  commonly  coarfe-grained,  but 
fometimes  imperfectly  conchoidal. 

The  fragments  are  amorphous. 

The  trace  is  yellowifh-gray,  with  fome  metallic  luflre. 

It  is  not  very  hard ;  but,  when  ftruck  with  Heel,  fparks  arc 
produced,  although  with  fome  difficulty. 

It  is  brittle,  and  is  eatily  broken. 

This  pyrites  has  been  hitherto  found  only  in  fome  parts  of 
Norway,  Silefia,  Bavaria,  and  efpecially  at  Geier,  Mefferfdorf, 
and  Breilenbrunn  in  Saxony  ;  but,  having  received  (ome  fpcei- 
mens  from  the  Right  Hon.  Charles  Greville,  F.  R.  S.  I  was 
flruck  with  their  refemblance  to  the  pyrites  of  Breilenbrunn, 
which  happened  at  that  time  to  be  in  my  poffefiion  ;  and,  upon 
trial,  I  found  that  they  were  magnetical,  and  agreed  with  the 
latter  in  every  particular.  Their  magnetic  power  was  fuch  as 
Rrongly  to  affeft  a  well-poized  needle,  of  about  three  inches  in 
length;  a  piece  of  the  pyrites,  nearly  two  inches  fquare,  acted 
upon  the  needle  at  the  diffance  of  four  inches. 

The  powder  (which  is  blackifh-gray,  with  but  little  metallic 
luftre)  is  immediately  taken  up  by  a  common  magnet;  but  the 
pyrites  does  not  aft  thus  on  the  powder,  nor  on  iron  filings, 
unlefs  it  has  been  placed  for  fome  time  between  magnetical 
bars;  then  indeed  it  afts  powerfully,  (urns  the  needle  completely 
round,  ait  rafts  and  takes  up  iron  filings,  and  feems  permanently 
to  retain  this  addition  to  its  original  power. 

In  the  fpecimens  which  I  obtained,  the  north  pole  was  ge¬ 
nerally  the  ffrongeft. 

This  pyrites  was  found  in  Wales,  about  the  year  1798,  by 
the  Hon.  Robert  Greville,  F.  R.  S.  who  fent  the  fpecimens 
above  defcribed  to  his  brother,  the  Right  Hon.  C.  Greville, 
with  the  following  account. 

“  It  is  found  in  great  abundance  in  Caernarvonfliire,  near 
**  thebafeof  the  mountain  called  Mod  Elion,  or  probably  with 
“  more  accuracy  Moel  yElia,  and  oppofite  to  the  mountain 

“  called 


magnetical  pyrites. 


*'  called  Mynydd  Mavvr.  Thefe  mountains  form  the  entrance 
4<  into  a  little  clofe  valley,  w  hich  leads  to  Cy  wellin  lake,  near 
“  Snowdon,  a  little  beyond  the  hamlet  of  Bettvvs, 

“  The  vein  appears  to  be  fome  yards  in  depth  and  breadth, 

“  and  feems  to  run  from  north  to  fouth,  as  it  is  found  on 
“  Mynydd  Mawr,  which  is  acrofs  the  narrow  valley,  and 
“  oppotite  to  Moel  AElia.” 

Mr.  R.  Greville,  in  another  part  of  his  letter,  dates  that 
copper  ore  has  been  worked  in  feveral  of  the  adjacent  places, 
and  that,  many  years  ago,  Capt.  Williams,  of  Gian  yr  Avon, 
employed  fome  miners  at  the  place  where  this  pyrites  is  found, 
but  the  undertaking  proved  unproductive.  Yellow7  copper  ore 
is  certainly  in  the  vicinity  ;  for  fome  portions  of  it  were  adhering 
to  the  fpecimens  which  have  been  mentioned  ;  and  I  fhall  here 
obferve,  that  the  done  which  accompanies  the  magnetical 
pyrites,  is  a  variety  of  the  lapis  ollaris  or  pot-done,  of  a  pale 
grayilh-green,  containing  fmoolh  cubic  crydals  of  common 
pyrites. 

§  III. 

From  the  appearance  of  thole  parts  of  the  magnetical  pyrites  Magnetic-py- 

which  have  been  expofed  to  the  weather,  it  feems  to  be  liable  m.es  1S  ^ 

...  ,  .  ,  .  .  .  oxidabie  by  the 

to  oxidizement,  but  not  to  vitriolization.  weather. 

The  fpecidc  gravity,  at  temperature  65°  of  Fahrenheit,  is  Sp.  gravity. 
4518. 

When  expofed  to  the  blowpipe,  it  emits  a  tulphureous  odour,  EfFett  of  mere 

and  melts  into  a  globule  nearly  black,  which  is  attracted  by  the  Ileat  bYblow- 

°  J  J  pipe: 

magnet. 

Five  hundred  grains,  in  coarfe  pow'der,  were  expofed,  in  a  —  in  a  crucible  j 
fmall  earthen  retort,  to  a  red  heat,  during  three  hours.  By 
this  operation,  the  weight  of  the  powder  was  very  little  di- 
minifhed;  neither  was  there  any  appearance  of  fulphur  in  the 
receiver,  which  however  fmelt  drongly  of  fulphureous  acid. 

Five  hundred  grains  of  the  fame  were  put  into  a  flat  porce - inthemuffle. 

lain  crucible,  which  was  kept  in  a  red  heat,  under  a  muffle, 
during  (our  hours.  The  powder  then  appeared  of  a  dark  gray, 
with  a  tinge  of  deep  red,  and  weighed  432.50  grains.  The 
lofs  was  therefore  67.50  —  I  3.50 per  cent,  but,  upon  examining 
the  refiduum,  I  found  that  only  part  of  the  lulphur  had  been 
thus  feparated. 
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MAGNETICAL  PYRITES. 

The  magnetical  pyrites,  when  digefted  in  dilute  fulphuric 
acid,  is  partially  dilTblved,  with  little  effervefcence,  although 
there  is  a  very  perceptible  odour  of  fulphuretted  hydrogen. 

The  folution  is  of  a  very  pale  green  colour.. 

Pure  ammonia  produced  a  dark  green  precipitate,  tending  to 
black;  and  pruffiate  of  pqtafh  formed  a  very  pale  blue  preci¬ 
pitate,  or  rather  a  white  precipitate  mingled  with  a  fmall  portion 
of  blue.  The  whole  of  the  latter,  however,  by  expofure  to  the 
air,  gradually  a  Hunted  the  utual  interifily  of  Pruflian  blue;  and 
the  blackifh  green  precipitate,  formed  by  ammonia,  became 
gradually  ochraceous.  Thele  effects  therefore  fully  prove,  that 
the  iron  in  the  folution  was,  for  the  greater  part,  at  the  minimum 
of  oxidizement,  fo  as  to  form  the  green  fulphate,  and  white 
prufliate,  of  iron;*  and,  confequently,  that  the  iron  of  the 
piagnetical  pyrites  is  either  quite,  or  very  nearly,  in  the  ftate 
of  perfect  metal. 

This  pyrites,  when  treated  with  nitric  acid,  of  the  fpecific 
gravity  of  1.38,  diluted  with  an  equal  quantity  of  water,  is  at 
ftrlt  but  little  affected ;  but,  when  heat  is  applied,  it  is  dilTolved, 
with  much  effervefcence,  and  difeharge  of  nitrous  gas;  the 
effervefcence,  however,  is  by  no  means  fo  violent  as  when  the 
common  pyrites  are  treated  in  a  limibr  manner.  It  is  al fo 
worthy  of  notice,  that  i f . the  digeftion  be  not  of  too  long  dura¬ 
tion,  a  confiderable  quantity  of  fulphur,  in fubflance,  isfeparated; 
whilft,  on  the  contrary,  fcarcely  any  can  be  obtained  from  the 
common  pyrites,  when  treated  in  a  fimilar  manner ;  although  I 
fhall  foon  have  occafion  to  prove,  that  the  real  quantity  qf 
fulphur  is  much  more  conliderable  in  the  latter  than  in  the 
former. 

As  toon  as  muriatic  acid  is  poured  on  the  powder  of  the 
magnetical  pyrites,  a  flight  effervefcence  is  produced,  which 
becomes  violently  increafed  by  the  application  of  heat;  a 
quantity  of  gas  is  difeharged,  which,  by  its  odour,  by  its  in¬ 
flammability,  by  the  colour  of  the  flame,  by  the  depofition  of 
fulphur  when  burned,  and  by  other  properties,  was  proved  to 
be  fulphuretted  hydrogen. 

During  the  digeftion,  fulphur  was  depoftted,  which  fo  en¬ 
veloped  a  fmall  part  of  the  pyrites,  as  to  proted  it  from  the 
farther  adion  of  the  acid. 

*  Rtcberches  fnr  le  Bleu  de  PrufTe,  par  M.  Proud.  Annales  ds 
Chimic,  Tome  XXIII.  p.  83. 
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The  folution  was  of  a  pale  yellovvifii-green  colour*  W  ith  Muriatic  loin* 
pruffiate  of  potafii  it  afforded  a  pale  blue  precipitate,  or  rather  a 
white  precipitate  mixed  with  blue;  and  with  ammonia  it  formed 
a  dark  blackith-green  precipitate,  which  gradually  became 
ochraceous;  fo  that  thefe  effects  corroborated  the  conclufions 
which  were  founded  on  the  properties  of  the  fulphuric  folution, 
namely,  that  the  iron  contained  in  the  pyrites,  is  almoff,  it  not 
quite,  in  the  metallic  date. 

Other  experiments  were  made;  but,  as  they  merely  confirm 
the  above  obfervations,  I  flia.ll  proceed  to  give  an  account  ol 
the  analylis. 

§  IV. 

ANALYSIS  OP  THE  MAGNETICAL  PYRITES. 

A.  One  hundred  grains,  reduced  to  a  fine  powder,  were  Analyfi*. 
digefted  with  two  ounces  of  muriatic  acid,  in  a  glafs  matrafs  tic  pyrkeTw^re" 
placed  in  a  fand  bath.  The  effects  already  defcribed  took  digefted  in  mu- 
place;  and  a  pale  yellowifh-green  folution  was  formed.  The  Solution 
refiduum  was  then  again  digefted  with  two  parts  of  muriatic  Refidue  treated 
acid  mixed  with  one  of  nitric  acid;  and  a  quantity  of  pure 

fulphur  was  obtained,  which,  being  dried,  weighed  14  grains,  lu'phur  lepa- 

B.  The  acid  in  which  the  reiiduum  had  been  digefted,  rated; 

...  ,  r  n  -  .  r  t  r  •  •  •  i  To  die  acid  fo- 

was  added  to  the  hrlt  muriatic  lolution ;  lome  nitric  acid  was  lotions  was  added 

alio  poured  in,  to  promote  the  oxidizement  of  the  iron,  and  f°me  nitric  acid 

thereby  to  facilitate  the  precipitation  of  it  by  ammonia,  which  thcn  pr(!™p  ^ ' 

was  added  after  the  liquor  had  been  boiled  for  a  conliderable  ammonia.  The 

time.  Trie  precipitate  thus  obtained  was  boiled  with  lixivium  F'e,C1?* 

*  '  r  boiled  with  pot- 

of  potafii;  it  was  then  edulcorated,  dried,  made  red-hot  with  aih  and  then  re¬ 
wax  in  a  covered  porcelain  crucible,  wras  completely  taken  up  t0 
by  a  magnet,  and,  being  weighed,  amounted  to  SO  grains. 

C.  The  lixivium  of  potafii  was  examined  by  muriate  of  The  potato  lix- 

ammonia,  but  no  alumina  was  obtained.  ivium  gave  no 

D.  To  the  filtrated  liquor  from  which  the  iron  had  been  pre-  The  firft  folu- 
cipitated  by  ammonia,  muriate  of  barytes  was  added,  until  it  uonhquor  was 
ceafed  to  produce  any  precipitate;  this  was  then  digefied  with  ate'of'bafytes1/1'" 
iome  very  dilute  muriatic  acid,  was  collected,  wafhed,  and,  The  fulphate  0f 
after  expofure  to  a  low  red  beat  for  a  few  minutes  in  a  crucible  urnc?^ 

of  platina,  weighed  1.55  grains.  If  therefore  the  quantity  of4he  quantity  of 
fulphur,  converted  into  fulphuric  acid  by  the  preceding  open-  lult'n‘  acld’ 
ations,  and  precipitated  by  barytes,  be  calculated  according  to 
the  accurate  experiments  of  Mr.  Chenevix,  thefe  155  grains  of 

fulphate 
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fulphate  of  barytes  will  denote,  nearly,  22.50  of  fulphur  ;  fa 
that,  with  the  addition  of  the  14*  grains  previoudy  obtained  in 
fub dance,  the  total  quantity  will  amount  to  36.50. 

E.  Moreover,  Irorn  what  has  been  dated  it  appears,  that 
the  iron  which  was  obtained  in  the  form  of  black  oxide, 
weighed  80  grains ;  and,  by  adding  thete  80  grains  to  the 
36.50  of  fulphur,  an  increate  of  weight  is  found  =  16.50. 
This  was  evidently  owing  to  the  oxidizement  of  the  iron, 
which,  in  the  magnetical  pyrites,  exids  quite,  or  very  nearly, 
in  the  metallic  date,  but,  by  the  operations  of  the  analyfis, 
had  received  this  addition.  The  real  quantity  of  iron  mud, 
on  this  account,  be  edimated  at  63.50. 

One  hundred  grains,  therefore,  of  the  magnetical  pyrites, 
yielded. 

Sulphur  |  ^  |  36.50  grains. 

Iron  E.  =  63.50 


100. 

Analyfis  vc-  This  analyfis  was  repeated  in  a  iimilar  manner,  excepting 

pcated  by  acidi-  (})at  (he 

whole  was  digeded  in  nitric  acid,  until  the  fulphur  w'as 

tying  all  the  fu!- .  b  ..  .  .  ..  ..  , 

phur  by  nitric  mlirely  converted  into  lulphuric  acid,  lo  the  liquor  which 
sod.  Same  re-  remained  after  the  reparation  of  the  iron  by  ammonia,  muriate  of 
barytes  was  added,  as  before,  and  formed  a  precipitate  which 
weighed  245  grains.  Now,  as  the  lulphuric  acid  in  lulpbate  of 
barytes  is  edimated  by  Mr.  Chenevix  at  23.5  per  cent,  and  the 
fulphur  which  is  required  to  form  the  fulphuric  acid  contained 
in  100  parts  of  fulphateof  barytes,  at  14.5  *,  it  follows,  that  245 
grains  of  dry  fulphate  of  barytes,  contain  fulphuric  acid  equal, 
very  nearly,  to  36  grains  of  fulphur ;  fo  that  the  two  analytes 
corroborate  each  oilier.  The  proportion  of  fulphur  in  the  mag- 
netical  pyrites,  may  therefore  be  dated  at  36.50,  or  indeed  at  37 
per  cent,  if  fome  fmajl  allowance  be  made  for  the  occadonal 
prefence  of  earthy  particles  ;  a  minute  portion  of  quartz  having 
been  found,  by  the  lad  analyfis,  after  the  complete  acidification 
of  fulphur. 

The  iron  in  this  Fiie  increafe  produced,  by  the  operations  of  the  analyfis, 
and  inailpyute.,  in  the  weight  of  the  iron,  aiofe,  as  I  have  already  remarked, 
the  metallic  from  the  addition  of  oxygen  ;  for  the  iron,  as  obtained  by  the 
analyfis,  was  in  the  date  of  black  oxide;  but  in  this,  and 

*  Tranfii&ions  of  the  Royal  Irifh  Academy,  VoL  VIII.  p.  240. 

indeed 
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indeed  in  all  pyrites,  it  undoubtedly  exids  very  nearly,  or 
quite,  in  the  date  of  perfect  metal.  Now  the  black  oxide  of 
iron,  called  Protoxide  by  Dr.  Thomfon  *,  has  been  proved, 
by  Lavoifier  and  Proud,  to  confitt  of  fOO  parts  of  metallic 
iron  combined  with  37  of  oxygen,  thus  forming  137  of  black 
oxide  ;  the  exact  proportion  of  oxygen  is  therefore  27  per 
cent,  and  80  grains  of  this  oxide  mutt  contain  21.6  of  oxygen. 
But,  in  the  above  anal)fes  of  the  magnetical  pyrites,  the 
inereafe  of  weight  did  not  amount  to  more  than  16.5  ;  and  we 
may  therefore  conclude  that,  in  all  probability,  a  quantity  of 
oxygen  =  5.1  was  previoufly  combined  with  tome  part,  or 
with  the  general  mats,  of  t he  iron  in  the  pyrites.  A  tmall 
part  of  the  abovementioned  inereafe  of  weight,  mud  likewife 
have  arifen  from  another  caufe  ;  for,  although  the  true  propor¬ 
tions  of  the  black  oxide  of  iron  are  27  of  oxygen  and  73  of 
iron,  (fo  that  100  parts  of  the  latter  abforb  37  of  the  former,) 
yet,  in  actual  practice,  it  is  difficult  to  obtain  it  exa&ly  in  this 
date,  and  there  is  commonly  a  fmall  excefs  of  weight :  this 
I  have  repeatedly  obferved,  in  many  experiments,  fome  of 
which  were  purpofely  made.  When,  for  indance,  100  parts 
of  fine  iron  wire  were  ditfolved  in  muriatic  acid,  and  after¬ 
wards  precipitated  by  ammonia,  edulcorated,  dried,  and  made 
red-hot  with  a  fmall  quantity  of  wax  in  a  covered  porcelain 
crucible,  the  weight,  indead  of  137,  ufually  amounted  to  139 
or  140.  The  quantity  of  wax  employed^  certainly  did  not 
afford  a  ponderable  quantity  of  coal,  or  other  redduum  ;  but 
the  real  caufe  of  the  inereafe  of  weight,  appears  to  be  the 
air,  which  can  fcarcely  be  completely  excluded,  and  which, 
ader  the  wax  is  burned,  combines  with  the  tuperficial  part  of 
the  oxide,  and  converts  a  portion  of  it  into  the  red  or  per¬ 
oxide;  fo  that  the  furface  in  the  crucible  appears  brown,  when 
compared  with  the  interior. 

To  this  caufe,  therefore,  I  am  inclined  alfo  to  attribute  a 
fmall  part  of  the  inereafe  obferved  in  the  weight  of  the  iron 
obtained  by  the  preceding  analyfes. 


§v. 

Before  I  make  any  observations  on  the  nature  of  the  ful-  Comparative 

phuiet  which  has  been  proved  to  conditute  the  magnetical  anaiyffi  of  other 

pyrites,  by  aci- 

*  Syftem  of  Chemiftry,  2d  edition,  Vol.  I.  p.  147.  whol-Vr'the 

pyrites,  ful-Dhur- 


MAGNETIC  A  L  TV  RITE?# 


The  component 
parts  of  the  com- 
mm  pyrites 
were,  at  a  medi¬ 
um,  9  fulphur 
and  S  iron,  with 
no  great  varia¬ 
tion. 


pyrites,  it  may  be  proper  to  dale  (ome  comparative  analyfei 
which  1  have  made  of  feveral  of  the  common  pyrites  j  and, 
as  the  method  employed  was  precifely  the  fame  as  that  which 
has  been  defcribed,  all  that  teems  to  be  requifite,  is  to  give  aft 
account  of  the  rel'ults. 

In  each  anal) (is,  the  whole  of  (he  fulphur  was  converted 
into  fulphuric  acid,  which  was  precipitated  by  barytes  j  and, 
in  the  (election  of  the  lpecimens,  great  attention  was  paid  to 
take  the  internal  parts  of  the  fragments,  and  not  to  make  ufe 
of  any  which  exhibited  an  appearance  of  decompofition,  or 
of  extraneous  fubftanees. 

The  iron  was,  as  before,  reduced  to  the  dale  of  black  ox¬ 
ide  ;  and  the  addition  of  weight  in  each  feparate  analysis, 
correfponded,  within  a  few  fractional  parts,  with  the  propor¬ 
tion  of  oxigen  requifite  to  form  into  black  oxide  a  given  quan¬ 
tity  of  metallic  iron,  equal  to  that  which  in  each  pvrites  was 
ascertained  to  be  the  real  proportion,  by  deducting  the  quan¬ 
tity  of  fulphur  from  the  total  quantity  of  each  pyrites# 

The  iron,  therefore,  in  thele  is  completely  metallic,  and  as 
fuch  is  dated  in  the  following  refults ; 


No.  I.  Pyrites  in  the  form  of  dodecaedrons 
with  pentagonal  faces. 

Specific  gravity  4830. 


Sulphur  52.15 
Iron  47.85 


100. 


No.  2.  Pyrites  in  the  form  of  driated  cubes. 


No.  3.  Pyrites  in  the  form  of  fmooth  polifiied 
cubes,  found  in  the  lapis  ollarts  which 
accompanies  the  magnetical  pyrites. 
Specific  gravity  4831. 

No.  4.  Radiated  pyrites. 

Specific  gravity  4698. 


Sulphur  52.50 
Iron  47.50 


100. 


Sulphur  52.70 
Iron  47.30 


100. 


Sulphur  53  60 
Iron  46.40 


100. 


Sulphur  54.34 

No.  5.  A  fmaller  variety  of  radiated  pyrites.  ^Iron  45.66 
Specific  gravity  4775. 


100. 


Cond dering  the  difference  in  the  figure,  ludre,  and  colour 
of  theie  p)  rites,  I  expeCted  to  have  found  a  much  greater 

difference 
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difference  in  the  proportions  of  their  component  ingredients ; 
but,  as  the  refulls  are  the  average  of  feveral  experiments,  I 
have  not  any  reafon  to  doubt  their  accuracy. 

The  pyrites  cryflallized  in  regular  figures,  fuch  as  cubes  Regular  cryftals 
and  dodecaedrons,  according  to  the  above  analytes,  contain  COjl"'in  r‘njV*r 
led  fulpliur,  and  more  iron,  than  the  radiated  pyrites,  and  other  pyrites, 
perhaps  than  others  which  are  not  regularly  crydalhzed.  This 
difference,  however,  is  not  confiderable  ;  for  the  dodecaedral 
pyrites,*  which  afforded  the  fmalleft  quantity  of  fulpliur  of 
any  of  the  regularly  cryftallized  pyrites,  yielded  52.15  ;  and 
the  radiated  pyrites.  No.  5,  gave  54.34;  the  difference, 
therefore,  is  only  2.19.  So  that  the  mean  proportion  of  ful- 
phur,  in  all  the  pyrites  which  were  examined,  is  53.24  per 
cent,  and,  taking  the  proportion  of  fulpliur  in  the  magnetical 
pyrites  at  36.50  or  37,  the  difference  between  this  and  the 
mean  of  the  common  pyrites  will  be  16.74  or  16.24.  The 
magnetical  pyrites,  therefore,  is  quite  didindt,  as  a  fulphuret 
of  iron,  from  the  common  martial  pyrites ;  and,  in  the  follow¬ 
ing  obfervations  I  (hall  prove,  that  a  fulphuret  confiding  of 
the  proportions  lad  mentioned,  has  till  now  been  unknown 
as  a  product  of  nature. 


§  VI. 

Although  pyrites  is  one  of  the  mod;  common  of  mineral  Hlftory  of  py* 
fubftances,  yet  the  difcovery  of  its  real  nature  is  comparatively  mes’ 
of  a  late  date  ;  for  it  appears  that  even  Agricola  (whofe  know¬ 
ledge  of  mineral  bodies  was  certainly  great,  confidering  the 
date  of  fcience  in  his  time)  was  not  acquainted  with  its  cha- 
radteriftic  ingredient,  namely,  iron.  According  to  Henckel, 
this  was  fird  noticed  by  our  countryman  Martin  Lifter,  a 
member  of  this  learned  Society,  who  fays,  "  Pyrites  purus 
putus  ferri  metallum  eft.” 

From  the  time  of  Henckel,  pyrites  feems  little  to  have  Experiments  of 

attracted  the  notice  of  chemids,  until  Mr.  Proud,  the  learned Pl0Uit’ 

profeffor  of  chemidry  at  Madrid,  publiftied  two  memoirs,  in 

which  he  dates,  that  there  are  two  fulphurels  of  iron,  the  one  Two  fulphuret 

being  artificial,  and  the  other  natural.  The  fird  is  the  fu!phu-of  |ron'*ai'tl.fi" 
°  .  _  r  cial,  which  is 

ret  which  is  formed  in  laboratories,  by  adding  fulphur  to  red- eafily  foluble  in 
hot  iron,  or  by  expoiing  both  of  them  to  heat  in  a  retort.  Thisacjdsj  and 
is  didinguifhed  from  the  fecond  fulphuret,  (which  is  the  com¬ 
mon  martial  pyrites,)  by  its  eafy  folubility  in  acids,  efpecially 
Vol.  X.— April,  1305,  T  in 
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Artificial  ful¬ 
phuret,  6  fu!- 
pbur  and  10 
iron  3  natural, 

9  fu'phur  and  io 
iron. 

The  excels  of 
fulphur  is  eafily 
feparated  from 
pyrites  ;  but  not 
the  other  por¬ 
tion. 


They  are  the 
maxima  and 
minima  of  the 
jfulphurets. 


Experiments  of 
Prouft  on  this 
fubjed. 
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in  muriatic  acid,  by  the  formation  of  fulphuretted  hidrogen 
gas  during  the  folution  of  the  fulphuret  in  the  lull  named  acid, 
by  its  colour,  and  by  its  inferior  denfily. 

According  to  Mr.  Proull,  the  fiift  or  artificial  fulphuret  is 
compofed  ot  60  parts  of  fulphur,  combined  with  100  parts  of 
iron;  whilft  the  fecond  fulphuret,  or  common  pyrites,  confifls 
ol  90  parts  ot  (ulpliur  and  100  of  iron. 

He  moreover  obferves,  that  the  fulphur  of  the  firfl  fulphuret 
is  difficultly  leparated ;  but  that  the  excels  which  is  in  the  fe¬ 
cund  fulphuret,  or  common  pyrites,  is  eafily  expelled,  and  is 
that  portion  which  is  obtained  by  diff illation,  the  rtdiduum 
being  then  reduced  to  the  Hate  of  the  firft:  fulphuret  *.  100 

parts,  therefore,  of  this  lubllance,  arc  compofed  of  62.50  of 
iron  and  37.50  of  fulphur;  and  100  parts  of  common  pyrites 
are,  according  to  this  ftatement,  compofed  of  52.64  of  iron 
and  47 .36  of  fulphur. 

Thefe  proportions  Mr.  Prouft  confiders  as  the  minimum 
and  maximum  of  the  fulphurets  of  iron.  For  the  latter  he 
allows  fome  variation  ;  but  the  compoiilion  of  the  former  he 
regards  as  fixed  by  the  invariable  law  of  proportions  f;  al¬ 
though  he  obferves,  that  it  has  not  as  yet  been  difeovered  in  the 
mineral  kingdom  j;. 

In  lupport  of  thefe  afiertions,  Mr.  Proufi  fiales, 

1 .  That  the  pyrites  found  near  Soria,  when  difiilled  in  a 
retort  heated  to  rednefs,  afforded  nearly  20  per  cent,  of  ful¬ 
phur. 

2.  That  the  refiduum  of  the  above  di filiation  had  loll  the 
external  charadiers  and  chemical  properties  of  pyrites,  and 
had  aftumed  thofe  of  the  artificial  fulphuret  of  iron. 
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*  Journal  de  Phyfique ,  Tome  LIII.  p.  89,  and  Tcme  LIV.  p.  89. 
From  pp.  91  and  92  of  Tome  LIV.  it  is  evident,  that  the  author 
does  not  mean  to  afiert,  that  the  firft  fulphuret  contains  60  per  cent. 
of  fulphur;  hut  that  100  parts  of  iron  are  combined  with  60  of 
fulphur,  and  form  160  of  the  fulphuret.  In  like  manner,  when 
90  of  fulphur  are  united  with  100  of  iron,  a  fubftance  analogous 
to  common  pyrites  is  formed,  which  weighs  190  grains  or  parts. 

See  alfo  our  Journal,  I.  109,  269,  253,  for  tranflations  of  thefe 
excellent  memoirs. 

f  Journal  de  Phyfique ,  Tome  LIII,  p.  90. 

t  “  Fa  regne  mineral,  jufqu’ici,  ne  nous  a  point  encore  pre- 
fente  le  fer  fulphure  au  minimum.”  Journal  de  Phyfique ,  Tome 


LI  V.  p.  93. 


5 
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3.  That  when  to  this  refiduum  a  quantity  of  ftilphuf  was 
added,  and  the  whole  was  diddled  in  a  degree  of  heat  not  too 
great,  t he  20  j>er  cent,  of  iulphur,  which  had  been  feparated 
by  the  firft  diftillation,  was,  by  this,  again  reflored  ;  and  the 
mafs  in  the  retort  thus  recovered  nearly  (lie  original  colour, 
luftre,  and  chemical  properties  of  the  pyrites* 

4.  That,  by  adding  fulphur  to  iron  tilings,  or  dne  iron  wire, 
heated  to  a  low  red  in  a  retort,  a  compound  is  obtained,  in 
which  the  proportion  of  fulphur  amounts  only  to  about  20 
or  30  parts;  but,  if  this  compound  is  again  treated  with 
fulphur  in  a  red  heat,  a  lulphuret  is  formed,  which  is  readily 
didblved  in  acids,  and  plentifully  affords  lulphuretted  hydro- 
gen  gas. 

This  is  the  real  minimum  of  the  fulphurets  of  iron,  fixed 
by  the  invariable  law  of  proportions,  (according  to  Mr. 

Proud,)  at  59  or  60  of  fulphur  and  100  of  iron,  the  former 
being  (as  I  have  already  obferved)  in  the  proportion  of  37.50 
per  cent . 

5.  and  ladly.  That  when  this  fulphuret  is  again  mixed  and 
diddled  with  fulphur,  (due  attention  being  paid  to  the  degree 
of  heat,)  the  produ6t  is  found  to  have  affumed  mod  of  the 
chemical  and  external  properties  of  the  natural  common  pyrites, 
denfity  alone  being  excepted. 

The  application  of  the  above  obfervations,  to  the  principal  The  magnetical 

fubje£t  of  the  prefent  paper,  is  fufficiently  obvious ;  for,  when  pyr'tes  1S  t^lat 
•  •  .  which  Prouft 

it  is  conhdered,  that  the  magnetical  pyrites  is  lo  different  from  confidered  as 

the  common  pyrites,  in  colour,  hardnefs,  folubility  in  fulphuric  baVin§  been  only- 
acid,  and  more  efpecially  in  muriatic  acid,  with  the  copious  prociuc"d  by  art* 
production  of  lulphuretted  hydrogen  gas;  when,  by  analyfis, 
it  has  been  found  to  condd  of  36  or  37  of  fulphur,  combined 
with  about  63  of  metallic  iron;  and,  when  the  artificial  ful¬ 
phuret  of  iron  which  has  been  lately  deferibed,  is  proved  to 
agree  with  the  magnetical  pyrites  in  the  nature  and  proportions 
of  its  component  ingredients,  and  in  every  one  of  the  above- 
mentioned  properties  ;  it  is  evident  that  the  magnetical  pyrites 
is  identically  the  fame  with  this  fulphuret,  which  hitherto  has 
remained  undifeovered  in  nature,  and  has  only  been  known 
as  a  product  of  our  laboratories.  In  order  however  more  fully 
to  fatisfy  myfelf,  I  made  experiments  on  the  artificial  fulphuret, 
which  I  formed  with  fulphur  and  fine  iron  wire. 

T  2  This 
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The  artificial 
pyrites  agrees 
with  the  natural 
magnetic  pyrites. 


■Remarks  on  the 
Letters  of  C.  L. 


Quotation,  in 
which  C.  L.  de 
nies  Mr.  W.’s 
fadts. 


Mr.  W.’s  reply. 


Horitontal 

moon. 


Tills  fubftance  agreed,  in  all  the  properties  which  have  beer, 
noticed,  with  the  magnetical  pyrites;  and  the  precipitates  ob- 
tained  by  adding  prulhate  of  potafli,  and  ammonia,  to  the 
muriatic  and  fulphuric  folutions,  were  precifely  fimilar.  The 
fpecific  gravity  was  4390,  whilh  (as  I  have  already  remarked) 
that  of  the  magnetical  pyrites  is  4318. 

( To  be  concluded.) 


xr. 

Anfwer  to  a  Letter  vf  C.  L.  uilh  other  Remarks,  on  the  Image* 
formed  by  conic x  Lenfes.  In  a  Letter  from  Mr.  Ezekili 
Walker. 

To  Mr.  NICHOLSON. 

Dear  Sir, 

C.  L.  in  his  letter  in  your  lah  Number,  reprefents  my  firft 
paper  as  deficient  in  “  philofophical  corre&nefs,”  and  wanting 
the  calm  (pirit  of  philofophy.”  But  in  attempting  to  prove 
my  errors,  he  has  proved  nothing  but  his  own  want  of  know¬ 
ledge:  and  to  thole  who  with  to  fee  an  example  of  C.  LAs 
"  calm  fpirit  of  philofophy”  I  beg  leave  to  recommend  the 
perufal  of  his  letter  in  Vol.  IX.  p.  235,  of  this  Journal. — 
I  hefe  firange  atTertions  are  followed  by  another  hill  more 
ft  range. 

He  fays,  "  /  r dll  beg  leave  to  wave  any  attention  to  the 
hihory  of  Mr.  Walker's  experiments  upon  which  I  have  ani¬ 
madverted,  and  to  deny  his  falls.” 

J  hinking  that  I  did  not  underhand  his  meaning  corre6Ily,  I 
examined  the  fide-nole,  which  runs  thus ;  “  C.  L.  declines 
any  further  difeuhion  refpedting  Mr.  Walker's  experiments 
with  lenfes,  but  denies  the  fads.” 

As  there  is  no  reafoning  with  a  man  who  will  deny  fa£!s, 
I  fhali  decline  examining  the  remainder  of  C.  LAs  letter. 

•  our  other  anonymous  correfpondent,  who  has  denied  the 
tr  jm  of  my  experiments,  will  be  more  eahly  anlwered. 

j  fie  opinions  which  have  been  advanced  refpe&ing  the 
horizontal  luminaries,  hnce  the  days  of  Ptolomy,  who  was 
born  about  the  year  70  of  the  Chrihian  a?r3,  are  fo  numerous^ 

that 
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that  it  is  fearcely  pofiible  to  form  a  new  one.  This  corre- 
fpondent  has  picked  up  the  theory  of  Des  Cartes,  which  was 
confuted  more  than  100  years  ago  by  Mr.  Molyneux.  See 
Philof.  Tranf.  abr.  Vo!.  I.  p.  221  ;  or  Dr.  Hutton’s  Mathe¬ 
matical  Dictionary,  Vol.  II.  p.  71.  I  (hall  pafs  over  this 
writer’s  optical  errors  by  juft  obferving,  that  he  has  been 
doing  nothing  lefs  than  denying  an  eftabiifhed  property  in 
optics. 

But  before  I  proceed,  it  may  be  convenient  to  thofe  who  Farther  remark* 

are  not  in  pollellion  of  your  two  Numbers  which  contain  my°n  the  imjgs 

1  J  .  J  formed  by  a  lens, 

former  papers  on  this  fubjeCt,  to  know  what  that  property 
in  optics  is,  which  has  met  with  fo  much  oppofition. 

I  have  proved  experimentally,  that  the  image  of  a  candle  afTerted  to  vary 
in  the  focus  of  a  double  convex  lens,  decreales  in  magnitude  Wittl  t^le  a£e'r" 
as  the  aperture  of  the  lens  is  contracted  *:  And  I  have  alto 
advanced,  that  the  image  of  the  fun  or  moon,  in  the  focus 
of  the  object-glafs  of  a  telefcope,  decreafes  with  its  aper¬ 
ture  f. 

Now  it  is  well  known  to  thofe  who  underftand  optics,  This  pofition 
that  this  property,  the  truth  of  which  has  been  denied  fo  p0.  ^r*bed  10  xSic-w- 
filivcly,  was  difcovered  by  Sir  Ilaac  Newton  :  and  a  demon¬ 
stration  of  it  may  be  feen  in  the  Optics  of  Newrton,  Emerfon, 

Smith,  and  Martin,  and  alfo  in  the  Encyclopaedia  Britan- 
nica,  & c. 

“  The  breadth  of  the  leaf!  circular  fpace  into  which  object-  becaufe  he  notes 

glades  of  telefcopes  can  collect  all  forts  of  parallel *rays,  js  the  ipace  or  d;t- 
■  y  r  .  ...  ,  r  i  i  r  J  fu lion  in  pencil* 

about  the  21  \  part  of  halt  the  aperture  of  the  glals,  or  55th  Qf  rays. 

part  of  the  whole  aperture.”  (Newton’s  Optics,  2d  Edit. 

p.  73).  Hence  it  is  evident,  that  if  you  contract  the  breadth  Whence  it  is 

of  the  objed-glafs  from  10  to  1,  the  breadth  of  the  circle  of  d^du.ctd’ 

light,  in  its  focus,  will  be  contracted  in  the  fame  proportion,  will  vary. 

In  my  next  paper,  this  interefting  property  of  light  will 

be  further  explained, 

I  am,  Dear  Sir, 

Your  humble  fervant, 

EZ.  WALKER. 

Lynn,  March  16,  1805. 


*  Philofophical  Journal,  Vol.  IX.  p.  164. 
f  Phiiofoplncal  Journal,  Vol.  X.  p.  110. 
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AEROSTATIC  VOYAGE. 


XII. 


Account  of  an  Aerojlatic  Voyage,  made  by  M.  Gay-Lussac 

on  the  29th  Fruftidor,  in  the  1  car  12.  Head  to  the  Rational 

\ 

Jnftitute,  on  the  9th  Vendemiaire,  in  the  Year  13.* 


Motives  of  the 
afeertt. 


Conftru&ion  of 
the  inftruments 

Horizontal 

needle. 


Dipping  neeJie. 


In  the  account  of  the  fir  ft  aeroftatic  voyage  which  M.  Biot 
and  I  had  the  honour  to  fubmit  to  the  Inltitute,  we  announced 
that,  from  the  furface  of  the  earth  to  the  height  of  3977  metres 
(13021.673  feel),  the  magnetic  power  did  not  experience  any 
fenfible  diminution;  and  at  the  fame  time  we  fignified  a  deft  re 
to  undertake  new  afeents,  to  afeertain  this  important  fact  at 
greater  heights.  We  toon  found  that  this  was  aifo  the  with  of 
many  members  of  the  Inftitule;  and,  encouraged  by  the  ge¬ 
neral  intereft  which  our  fir tt  voyage  had  excited,  we  refolved 
on  making  a  fecond  very  ftiortly  ;  but  our  aeroftat  not  being 
capable  of  carrying  us  together  to  a  greater  height  than  in  our 
firft  afeent,  it  was  agreed  between  us  that  I  fliould  go  alone. 
From  this  moment  all  our  attention  was  given  to  the  inftru¬ 
ments  which  it  was  requifjte  for  me  to  carry  ;  and  their  con- 
ftru&ion,  which  was  again  entrufted  to  M.  Fortin,  as  well  as 
an  operation  which  the  balloon  underwent  to  give  it  more 
levity,  retarded  my  departure  till  the  29th  of daft  Fruftidor. 

Inftruffed  by  the  experience  of  our  former  afeent,  we 
*  made  l$>me  changes  in  our  inftruments ;  and,  in  the  fir fi;  place, 
that  the  ofcillations  of  the  horizontal  needle  might  be  Iefs 
a  defied  by  the  rotation  of  the  balloon,  we  caufed  a  new  one 
to  be  conftrufied,  only  1 5  centimetres  in  length.  Thus,  its 
ofcillations  being  more  rapid  than  thofe  of  the  balloon,  it 
would  be  eatier  to  determine  their  duration. 

We  made  greater  modifications  in  the  dipping  needle.  That 
we  might  not  be  obliged,  at  each  obfervation,  to  replace  it 
in  the  magnetic  meridian,  and  to  adjuft  its  axis  truly  horizon¬ 
tal,  we  fufpended  the  metallic  chape  which  fupports  it  by  a 
ftlken  thread  ;  and,  to  judge  of  its  inclination,  we  fixed  a 
portion  of  a  tranfparent  circle,  graduated  in  divifions,  to  the 
chape.  The  whole  apparatus  was  very  light,  the  tenfion  on 
the  fi  Ik  thread  but  trilling,  and  the  needle  cc^ild  refume  its 


*  From  Annales  cie  Chimie,  No.  151.  Fru&idor,  An.  XIII. 
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meridian  with  facility.  M.  Coulomb,  after  having  touched 
the  needle,  proved  it  by  the  method  which  he  propoled  in  the 
M  emoirs  of  the  Inditute;  and  he  found  that  it  gave  an  incli¬ 
nation  of  70.5°  of  the  common  feale.  In  one  of  its  pofitions, 
which  was  that  in  which  it  was  to  remain,  it  varied  31°. 

In  our  drd  afeent,  the  under  furf’ace  of  the  glafs  which  Azimuth  com- 
eovered  our  azimuth-compafs  was  covered  with  water,  andpa^* 
we  were  prevented  from  feeing  the  fhadow  of  a  horizontal 
thread,  which  ferved  us  for  a  dyle.  To  avoid  this  inconve¬ 
nience,  it  was  fuflieient  to  remove  the  glafs  of  the  compafs ; 
in  other  refpefts,  no  alteration  was  made  in  its  fird  difpofition. 

IVI.  Lepine  again  fupplied  us  with  two  fecond-watches,  one 
of  which  was  a  dop-watch  :  it  was  vvitli  the  latter  that  I  made 
all  my  obferva lions. 

The  thermometer  I  ufed,  was  the  centigrade  mercurial  Thermometer, 
thermometer.  To  guard  it  from  the  a<5tion  of  the  fun,  vve 
placed  it  within  tw'o  concentric  cylinders  of  padeboard  co¬ 
vered  with  gilt  paper,  one  of  which  was  about  four  centi¬ 
metres  in  diameter,  and  the  other  fix.  Our  hygrometers Hygrometers, 
with  four  hairs,  of  the  condru6tion  of  M.  Richer,  were  dif- 
poled  in  nearly  a  iimilar  manner.  The  two  glafs  balloons  in 
which  I  was  to  bring  the  air,  were  exhauded  to  nearly  a  milli¬ 
metre  of  mercury,  and  we  were  falisded  by  leaving  them  in 
this  date  for  eight  days,  that  they  perfectly  retained  the  va¬ 
cuum.  For  tear  of  an  accident,  we  had  provided  a  third  bal¬ 
loon  of  brafs ;  but  very  fortunately  it  was  ufelefs. 

Our  tw'o  barometers  have  not  a  conftant  level  ;  and  to  get  Barometers* 
the  true  barometric  heights,  we  formed  a  (able  of  comparifon, 
by  placing  them  under  the  receiver  of  the  pneumatic  ma¬ 
chine,  and  meafuring  their  depredion  from  five  to  five  ccn* 
timetres,  by  means  of  a  dandard,  the  refervoir  of  which  has  a 
condant  level,  and  which  is  provided  w  ith  a  very  good  feale. 

Being  no  longer  obliged  to  obferve  more  than  the  upper  level 
to  get  the  true  barometric  heights,  the  number  of  observations 
was  diminiflied  to  one  half;  which  is  of  great  importance  when 
the  attention  is  divided  between  perlonal  fafety  and  delicate 
experiments. 

Such  nearly  were  the  edential  indruments  I  took  with  me 
in  my  voyage.  I  was  alfo  provided  with  an  apparatus  forThe  apparatu# 


cletermininp  the  electricity  of  the  air  ;  but  a  few  moments  after  meafuring 
,  .  ,  ,  ,  _  .  '  ,  ■  ...  .  ...  the  electricity  of 

I  quilted  tlie  earth,  1  Ioit  the  two  metallic  wires  which  were  the  air  rendered 

■!  (0y  (clefs. 
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to  atlraCt  the  electricity  at  50  arui  at  100  metres  below  me, 
and  I  could  not  make  any  ufe  of  it.  It  will  be  feen  that  we 
had  avoided  every  thing  which  could  influence  our  needles  ; 
and  even  our  anchor,  although  futpended  50  metres  below 
the  boat,  was  of  w'ood  armed  with  copper. 

This  is  not  the  place  to  mention  the  precautions  which  M. 
Conld  had  taken,  that  this  new  ufeent  might  be  free  from 
clanger;  but  it  is  to  be  wifhed  that  he  would  bimfelf  publdh 
what  a  long  and  enlightened  experience  has  taught  him  on 
this  fubjeCl.  For  ourfelves,  we  owe  him  a  great  tribute  of 
gratitude  for  his  trouble  and  the  intereft  he  has  taken  in  our 
voyages  ;  and  we  are  bound  to  acknowledge,  that  if  they 
have  been  to  fortunate,  we  are  indebted  for  it  to  his  provident 
-  cares. 

Departure.  All  our  inftruments  being  ready,  my  departure  was  fixed 

for  the  29th  FruClidor:  In  faCt,  on  that  day  I  afeended  from 
the  Confervatory  of  the  Arts  and  Manufactures,  at  9h  40',  the 
barometer  being  at  16.525  centimetres,  the  hygrometer  at 
State  of  the  at-  51. b9,  and  the  thermometer  at  27.75°.  M.  Bouvard,  w'ho 
rnnfph^c  o.i  the  makes  meteorological  observations  daily  at  the  Obfervatory 
of  Paris,  judged  the  atmofphere  to  be  greatly  charged  with 
vapour,  but  without  clouds.  In  fa  Cl,  I  had  fcarcely  rifen 
1000  metres  when  I  perceived  a  light  vapour  diffufed  through 
all  the  atmofphere,  which  rendered  the  fight  of  remote  objeCis 
confufed. 

F'r4  experiment  Arrived  at  the  height  of  3032  metres  (9929.8  F.),  I  began 

on  the  ofei  t0  make  the  horizontal  needle  ofcillate,  and  this  time  I  ob- 
tions  of  the  ho¬ 
rizontal  needle.  lained  20  ofcillations  in  83",  while  on  the  earth,  and  in  other 

refpeCh  in  the  fame  circumftances,  it  required  84. 33"  to  make 

the  fame  number*.  Although  my  balloon  was  affected  with 

the  rotatory  motion  we  had  perceived  in  our  fir  ft  experiment, 

the  rapidity  of  the  motion  of  our  needle  permitted  me  to 

count  20,  30,  and  even  40  ofcillations. 

Inclination  of  At  the  height  of  3863  metres  (12651.365  F.),  I  found  the 

the  needle  at  a  variation  of  my  needle,  taking  the  mean  of  the  amplitude 
height  of  J  r 

12651.365  feet,  °f  its  ofcillations,  was  fenfibly  31°,  as  on  the  earth.  It  re- 

the  lame  ai  on 

the  earth. 

#  Although  I  have  here  indicated  hundredth  parts  of  a  ferond, 
I  am  awaie  that  I  cannot  obferve  luch  finall  fractions;  hut  I  ob¬ 
tained  them  by  divifions,  becaufe  on  the  earth  I  generally  made 
30  cfcillatiops,  which  required  126. 5'. 
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quired  much  time  and  patience  to  make  this  obfervation  ;  be- 
caufe,  although  borne  by  the  mafs  of  the  atmofphere,  I  per¬ 
ceived  a  High!  wind  which  continually  deranged  the  compals, 
and  after  feveral  unfuccefsful  attempts,  I  was  obliged  to  give 
up  making  new  ones.  Neverlhelefs,  I  believe  the  oblerva- 
tion  1  have  ftated  above  is  entitled  to  tome  confidence. 

Sometime  after  I  wifhed  to  obferve  the  dipping-needle ;  The  obfervations 
but  behold  what  had  happened.  The  drought,  favoured  by  ^u^compafs 
the  action  of  the  fun  in  a  rarefied  air,  was  fuel),  that  the  com-  not  to  be  dc- 
pats  was  (o  much  warped  as  to  have  bent  the  metallic  circle  UPDIJ» 

on  which  the  divifions  were  traced,  and  to  be  itfelf  crooked. 

The  motions  of  the  needle  therefore  had  not  the  fame  free¬ 
dom  ;  but  independently  of  this  difappointment,  I  had  ob- 
ferved  that  it  was  very  difficult  to  obferve  the  dip  of  the  needle 
with  this  apparatus.  In  fhort,  when  I  placed  the  compals  Caufes  of  Its  de- 
fo  as  to  make  the  fhadow  of  the  horizontal  thread,  which 
ferved  as  a  ftyle,  coincide  with  a  fixed  line,  the  motion  I  had 
given  to  the  compafs  communicated  one  to  the  needle,  and 
by  the  time  this  was  nearly  reftored  to  red,  the  fhadow  of 
the  ftyle  no  longer  coincided  with  the  dxed  line.  It  was  ne- 
ceilary  to  place  the  compafs  again  in  a  horizontal  podtion, 
and  during  the  time  which  this  operation  required,  every¬ 
thing  was  again  deranged.  Unwilling  to  perdd  in  making 
obfervations  on  wffiich  I  could  place  no  leliance,  I  abandoned 
them  entirely  ;  and  diveded  of  every  other  care,  I  gave  all 
my  attention  to  the  ofcillations  of  the  horizontal  needle.  I  The  experiment 
am  neverthelefs  convinced,  by  the  knowledge  of  the  defeats  Pla<^lcaWe* 
of  our  compafs,  that  it  is  podible  to  employ  one  more  fuitable, 
which  would  determine  the  dip  w-ith  great  precifion.  In 
trying  this  experiment,  I  lowered  the  other  needles  (eparately 
in  linen  bags,  to  15  metres  below'  the  boat. 

That  the  aggregate  of  all  the  refults  which  I  obtained  may  The  aggregate 
be  more  eafily  been,  I  have  collected  them  into  a  table  which  f^r^c/hnoa 
is  at  the  end  of  this  memoir  ;  and  they  are  placed  there  as  table, 
they  occurred  to  me,  with  the  correfponding  indications  of 
the  barometer,  thermometer,  and  hygrometer.  The  heights  Calculation  of 
have  been  calculated,  according  to  the  formula  of  M.  Laplace,  ^  bar'oine^te2/ 
by  M.  Gouilly,  engineer  of  bridges  and  highways,  who  has  compared  with 
been  fo  kind  as  to  take  this  trouble.  The  barometer  not  on0  on  tlle  eart^! 
having  varied  fenfibly  on  the  day  of  my  afeent,  from  ten 
o’clock  to  three,  to  calculate  the  different  heights  at  which  I 

made 
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perature. 
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Tariation  of  the 
temperature 
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made  my  obfervations,  the  height  of  the  barometer  on  the 
earth  lias  been  taken  at  7o.563  centimetres,  which  was  the 
cafe  at  three  o’clock;  a  height  which,  conformably  to  the 
obfervations  made  by  IV1.  Bonvard  at  the  Obfervatory,  is 
greater  by  0.43  millimetres  than  that  which  had  been  ob'erved 
at  the  moment  of  my  departure.  The  heights  of  the  baro¬ 
meter  in  the  atmofphere  have  been  brought  to  thole  which 
would  have  been  indicated  by  a  barometer  with  an  uniform 
level  placed  in  the  lame  circurhftances,  and  the  mean  between 
the  obfervations  of  the  two  barometers  has  been  taken  lor 
each  height.  The  temperature  on  the  earth  having  alto  va¬ 
ried  very  little  between  ten  and  three  o’clock,  it  has  been 
fuppofed  conftant  and  equal  to  30.75°  of  tiie  centigrade  ther¬ 
mometer. 

Now  on  looking  into  the  table  it  will  be  evident,  in  the 
firfl  place,  that  the  temperature  follows  an  irregular  courfe 
with  refpect  to  correfponding  heights;  which,  no  doubt,  is 
oecalioned  by  the  obfervations  having  been  made  fometimes 
in  afeending,  and  fometimes  in  defeending,  and  the  thermo¬ 
meter  having  followed  thefe  variations  too  tlowdy.  But  if  the 
degrees  of  the  thermometer  alone  are  contidered,  which  form 
with  each  other  a  continually  decreafing  (cries,  a  more  regu¬ 
lar  law  will  be  found.  Thus  the  temperature  on  the  earth 
being  27.7 5°,  and  8.5°  at  the  height  of  3691  metres,  if  the 
difference  of  the  heights  is  divided  by  that  of  t ho  tempera¬ 
tures,  we  fhall  at  once  obtain  191.7  metres  (627.8175  feet) 
of  elevation  for  each  degree  of  the  reduction  of  the  tempera¬ 
ture.  By  performing  the  tame  operation  for  the  temperatures 
.5.25°  and  0.5°,  as  well  as  for  -thole  of  0°  and  —9.5°,  we 
fhall  find,  in  both  cafes,  141.6  metres  (463.74  feel)  of  ele¬ 
vation  for  each  degree  of  the  redu6tion  of  the  temperature; 
which  feerrvs  to  indicate  that  near  the  furface  of  the  earth  the 
heat  is  governed  by  a  law  which  decreases  lets  than  at  an 
elevation  in  the  atmofphere,  and  that  at  length  it  follows  a 
decreafing  arithmetical  progrelfion.  If  it  be  fuppofed  that 
from  the  furface  of  the  earth,  where  the  thermometer  was  at 
30.75°  to  the  height  of  6977  metres  (22849.67.5  feet),  where 
»t  had  fallen  lo  —9.5°,  the  heat  had  diminifhed  as  the  eleva¬ 
tions  increafed,  an  elevation  of  173.3  metres  (567.557  feet) 
will  correfpond  to  each  degree  of  the  redudlion  of  the  tempe¬ 
rature. 


The 
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The  courfe  of  the  hygrometer  was  very  fin gular.  At  the  Untteady  courle 
Airfare  of  the  earth  it  was  only  at  51.5°,  while  at  the  height  °r  thc  hysro_ 

•  ...  ®  .  meter. 

ot  30.32  metres  it  marked  62°  :  from  t li is  point  it  was  conti¬ 
nually  tailing  to  the  height  of  5267  metres,  where  it  indicated 
no  more  than  27.5°;  and  from  thence  to  the  height  of  688  1- 
metres,  it  rofe  gradually  to  3 1.5°.  If,  by  thefe  refults,  it  is 
withed  to  determine  the  law  of  the  quantity  of  water  ditfolved 
in  the  air  at  different  elevations,  it  is  clear  that  attention 
muff  be  paid  to  the  temperature  ;  and  on  joining  this  confider- 
ation  with  it,  it  will  be  feen  that  it  follows  an  extremely  dc- 
creafing  progreilion. 

If  now  the  magnetic  ofcillations  are  confidered,  it  will  be  Magnetic  ofcil- 
obferved  that  the  time  for  ten  ofcillations,  made  at  different  a^dl^er" 
heights,  is  fometimes  above  and  fometimes  below  42.J6//, 
which  they  require  upon  the  earth.  By  taking  the  mean  of 
all  the  ofcillations  made  in  the  atmofphere,  ten  ofcillations 
would  require  42.20"',  a  quantity  which  differs  very  little 
from  the  preceding;  but  on  confidering  only  the  Iafl  obfer- 
vations  which  were  made  at  the  great efi  heights,  the  time 
for  ten  ofcillations  would  be  a  little  lefs  than  42.16°,  which 
would  indicate,  on  the  contrary,  that  the  magnetic  power 
had  been  a  little  augmented.  Without  meaning  to  draw  any 
confequence  from  this  apparent  flight  increafe,  which  may 
very  probably  arife  from  the  errors  to  which  experiments  of 
this  defcription  are  liable,  I  conclude  that  the  total  of  the  The  magnetic 
refults  I  now  offer,  confirms  and  extends  the  fad  which  M.  P0J|'er!ls  n°t  fcn* 
Biot  and  myfelf  had  obferved,  and  which,  as  well  as  the  the  greateft  dc- 
univerfal  gravitation,  proves  that  the  magnetic  power  does  vatlons» 
not  experience  fenfible  variations  at  the  grcatefl  heights  to 
which  we  can  afcend. 

'The  confequence  we  have  drawn  from  our  experiments,  Probable  objcc- 

will  appear  a  little  too  precipitate  to  thofe  who  recoiled  that tlons  t0  ’-his 
,  ,  .  .  ,  .....  conclufioii  re- 

we  were  unable  to  make  experiments  on  the  inclination  offuted. 

the  touched  needle.  But  if  it  be  obferved  that  the  power 

which  caufes  an  horizontal  needle  to  olciliale,  is  neceffarily 

dependent  upon  the  intenfily  and  diredion  of  the  magnetic 

power  itfelf,  and  that  it  is  reprefented  by  the  co-fine  of  the 

angle  of  inclination  of  this  latter  power,  they  cannot  avoid 

concluding  with  us,  that,  fince  the  horizontal  power  has  not 

varied,  neither  can  the  magnetic  power  have  varied,  unlefs 

they  fuppofe  that  the  magnetic  power  can  have  varied  pre- 

ci  feiy 
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Further  proofs 
of  the  magnet- 
I  I'm  being  the 
fame  as  on  the 
earth. 


Heights  at 
•which  the  air 
was  taken  for 
examination. 


Greatcft  eleva¬ 
tion. 


cifely  in  oppofllion  to,  and  in  the  lame  proportion  a*  t  ie  co- 
fine  of  its  inclination,  which  is  by  no  means  probable.  In 
fupport  of  our  conclufion  w'e  have,  befides,  the  experiment 
on  the  inclination  made  at  the  height  of  3863  metres 
(12651.325  feet),  which  proves  that,  at  that  elevation,  the 
variation  did  not  vary  in  a  fenfible  manner. 

When  at  the  height  of  4511  metres,  I  prefented  to  a  fmall 
touched  needle,  and  in  the  diredlion  of  the  magnetic  power, 
the  lower  extremity  of  a  key  ;  the  needle  was  attracted,  and 
afterwards  repelled  by  the  other  extremity  of  the  key,  which 
I  brought  down  parallel  to  itfelf.  The  fame  experiment, 
repeated  at  6107  metres,  had  the  fame  ifiue  :  another  very- 
evident  proof  of  the  adtion  of  terreftrial  magnelifm. 

At  the  height  of  6561  metres  (21487.275  feet),  I  opened 
one  of  my  two  balloons  of  glafs;  and  at  6636  metres 
(21733.9  feet),  I  opened  the  lecond  :  the  air  entered  both 
with  a  hiding  noife.  Finally,  at  3h  1  V ,  the  aeroffat  being 
perfectly  full,  and  having  only  15  kilogrammes  of  ballaft,  I 
determined  to  defeend.  The  thermometer  was  then  at  9.5° 
below  the  temperature  of  melting  ice,  and  the  barometer  at 
32.88  centimetres;  which  gives  for  iny  grealeft  elevation 
above  Paris,  6977.37  metres  (22S50.887  feet),  or  7016 
metres  (22977.4  feet)  above  the  level  of  the  fea. 

Although  well  clothed  I  began  to  feel  the  cold,  particularly 
in  my  hands,  which  I  was  obliged  to  keep  expofed  to  the  air. 
My  refpiration  was  fenfibly  obftrucled  ;  but  1  was  far  from 
feeling  any  inconvenience  fuflicient  to  induce  me  to  defeend. 
My  puife  and  my  refpiration  were  greatly  accelerated;  hence 
from  refpiring  very  frequently  in  a  very  dry  air,  I  could  not 
be  furprifed  at  my  throat  being  fo  dry,  that  it  was  with  diffi¬ 
culty  I  fwallowed  bread.  Before  fetting  out  I  had  a  flight 
hcad.ach,  arifjng  from  the  fatigues  of  the  preceding  day  and 
the  want  of  reft  in  the  night,  and  I  retained  it  all  the  day, 
without  perceiving  that  it  was  increafed.  Thefe  are  all  the 
inconveniences  I  experienced. 

Clouds  at  a  very  A  phenomenon  which  ftruck  me  at  this  great  height,  was 
the  feeing  clouds  above  me,  and  at  a  diffance  which  appeared 
to  me  to  be  very  c  onfiderable.  During  our  fir  ft:  alcent  the 
clouds  did  not  rife  above  1169  metres  (3828.475  feet),  and 
above,  the  Iky  was  in  its  grealeft  purity.  Its  colour  at  the 
zenith  was  lo  intenfe,  that  it  might  be  compared  with  that  of 
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Pruflian  blue;  but  in  the  laft  voyage  which  I  made  I  faw  no 
clouds  below  me ;  the  Iky  was  very  vaporous,  and  its  colour 
generally  tlull.  It  is  perhaps  not  ufelefs  to  obferve,  that  on  Direttion  of  the 
the  dav  of  our  fir  ft  afoent  the  wind  was  north-north- weft,  and  w‘nd* 
on  the  laft,  fouth-eaft. 

As  foon  as  I  perceived  that  I  began  to  defeend,  I  thought  Defcent, 
only  of  moderating  the  defeent  of  the  balloon,  and  of  render¬ 
ing  it  extremely  flow.  At  3h  4-5'  my  anchor  touched  the 
ground  and  held,  which  gives  3V  for  the  time  of  my  defeent. 

The  inhabitants  of  a  fmall  hamlet  in  the  vicinity  foon  ran  to 
the  fpot,  and  while  fome  brought  the  balloon  towards  them 
by  drawing  the  rope  of  the  anchor,  others,  placed  under  the 
boat,  waited  impatiently  till  they  could  reach  it  with  their 
bands,  to  catch  and  depofit  it  upon  the  earth.  My  defeent 
was  therefore  effected  without  the  flighted  (hock  or  the  le aft 
accident,  and  I  do  not  believe  that  a  more  fortunate  one  is 
pofiible.  The  fmall  hamlet  beftde  which  I  descended,  is 
called  Saint-Gourgon  ;  it  is  fituated  fix  leagues  north-weft 
from  Rouen. 

On  my  arrival  at  Paris,  my  firft  care  was  to  analyze  the  air  Analyfis  of  the 
I  had  brought.  All  the  experiments  were  made  at  the  Poly- ^^^sat®reat 
technic  School,  under  the  eyes  of  MM.  Thenard  and  G reflet, 
and  I  trufted  as  much  to  their  judgment  as  to  my  own.  We 
noticed  the  divifions  of  the  eudiometer  alternately,  and  with- 
out  communication,  and  it  was  only  when  we  were  perfi  £Uy 
agreed  that  we  wrote  them  down.  The  balloon  which  was 
filled  with  air  at  6636.5  metres  (21735.537  feet),  was  open¬ 
ed  under  water,  and  we  all  judged  that  it  had  at  leaf!  filled 
the  half  of  its  capacity;  which  proves  that  the  balloon  had 
retained  the  vacuum  very  well,  and  that  no  foreign  air  had 
entered  it.  We  purpofed  to  have  weighed  the  quantity  of 
water  entered  into  the  balloon,  to  compare  it  with  its  capa¬ 
city  ;  but  not  having  the  neceflary  inftruments  at  hand,  and 
our  impatience  to  know  the  nature  of  the  air  it  contained 
being  very  great,  we  did  not  make  that  experiment.  At  firft 
we  ufed  Volta’s  eudiometer,  and  we  analyzed  it  compara¬ 
tively  with  atmofph'eric  air  taken  in  the  middle  of  the  court¬ 
yard  of  the  Polytechnic  School.  The  following  is  the  com¬ 
parative  anaiyfis  of  thefe  two  airs. 
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1 

Analyfis 

of  the  atmofpheric 
Air. 

Anali/fa  of  the  Air  taken  at  an 
Elevation  of  6636  Metres. 

| 

Firfi  Ex-  1 
peri  men  t.  j 

Meafures. 

rAtm.  Air,  3. 

Hyd.  Gas,  2. 

Relidue  after 
the  combuf- 
tion,  -  3.04 

Air, 

Hyd.  Gas, 
Relidue, 

Meafures* 

3. 

2. 

3.05 

/ 

Meafures. 

Meafures* 

fAtm.  Air,  3. 

Air, 

3. 

2d  Expe- 

Hyd.  Gas,  2. 

Hvd.  Gas, 

2. 

rimenl. 

Relidue,  3.05 

Sm  ' 

Relidue, 

3.01- 

Atmofpheric  air  At  the  fame  time  one  mcafure  of  very  pure  oxigen  gas 

and  an- taken  at  required  2.04  meafures  of  hidrogen  gas;  and  this  relult  dit- 

a  great  elevation,  ]  r  .  .  .  . 

are  identically  hiring  only  .01  from  that  obtained  in  experiments  made  on  a 

the  fame.  very  large  fcale,  and  with  great  care,  in  the  compofition  of 
water,  it  is  evident  that  great  confidence  may  be  placed  in 
our  refults.  They  prove  therefore  that  atmofpheric  air,  and 
air  taken  at  an  elevation  of  6636.5  metres,  are  identically  the 
fame,  and  that  each  of  them  contains  .2149  of  oxigen.  On 
analyzing  the  latter  air  by  hydro-fulplniret  of  potafh,  we 
found  in  it  .2163  of  oxigen.  I  cannot  give  the  refult  of  the 
comparative  experiment  made  on  atmofpheric  air,  becaufe 
we  were  unable  to  collect  it  ;  but  the  proportion  of  oxigen 
which  I  have  indicated,  is  alio  a  little  greater  than  that  given 
by  the  combuftion  of  hidrogen  gas,  and  is  comprized  within 
the  limits  of  the  variations  found  in  the  compofition  of  the 
atmofphere  at  the  furface  of  the  earth,  and  which  do  not  pre¬ 
vent  it  from  being  confidered  as  conftant. 

This  fa&  proved  The  identity  of  the  anal)  fes  of  the  two  airs  made  by 
nients^  cx^eri"  hidrogen  gas,  proves  dire&ly,  that  that  v\  hich  I  brought  did 
not  contain  the  latter  gas  ;  neverthelefs  I  alio  fatisfied  m^felf 
of  it,  by  burning  with  the  two  airs  only  a  quantity  of  hidro¬ 
gen  gas  lefs  than  would  have  been  requifite  to  abforb  all 
the  oxigen  gas  ;  for  1  found  that  the  refidues  of  the  corn- 
bullion  of  the  two  airs  with  the  hidrogen  gas  were  exactly 
the  fame. 
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SaufTure  junior  alfo  found,  by  ufing  nitrous  gas,  that  air  The  compofition 

taken  in  the  Col-du-Geanl  contained,  within  one  hundredth  r’f,tllc 

'  _  lphere  is  every 

part,  as  much  oxigen  as  that  of  the  plain;  and  his  father  where  the  fame, 
afeertained  the  prefence  of  carbonic  acid  on  the  fummit  of 
Mont-Blanc  :  Moreover,  the  experiments  of  MM.  Cavendifli, 

Macarty,  Berthollet,  and  Davy,  have  confirmed  the  identity 
of  the  compofition  of  the  atmofphere  over  all  the  furface  of 
the  earth.  It  may  therefore  be  concluded  generally,  that 
the  condilulion  of  the  atmofphere  is  the  fame  from  the  fur- 
face  of  the  earth  to  the  greated  heights  to  which  we  can 
afeend. 

Thefe  are  the  two  principal  refults  which  I  obtained  from  Recapitulation 
my  I  alt  voyage.  I  have  afeertained  the  fact  which  had  been  ot  ^‘e  re^uiC5» 
obferved  by  M.  Biot  and  me,  on  the  fenfible  permanence  of 
the  intenfity  of  the  magnetic  power  at  a  didance  from  the 
furface  of  the  earth  ;  and  betides,  I  think  I  have  proved  that 
the  proportions  of  oxigen  and  azote  which  conditute  the  at¬ 
mofphere,  do  not  vary  fenfibly  in  the  mod  extended  limits. 

Many  things  dill  remain  to  be  elucidated  in  the  atmofphere, 
and  we  hope  the  fadts  we  have  already  collected  will  fo  far 
intered  (he  Inftitute  as  to  induce  them  to  defire  us  to  continue 
our  experiments. 
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XIII. 

Experiments  and  Observations  on  the  Motion  of  the  Sap  in  Trees . 

Jna  Letter  from  Thom  as  Andrew  Knight,  Efq,  to  the 
Right  Hoik  Sir  Joseph  Banks,  Bart .  K.B.B.R.S , 

From  the  Philofophical  Tranfadlions  for  1 804. 

My  dear  Sir, 

In  the  Obfervations  on  the  Defcent  of  the  Sap  in  Trees,  which  Experiments. 

.  ,  c  .  and  obfervations 

y  on  to  lay  be  tore  the  on  n,of10n  0f 
Royal  Society,  I  offered  a  conjecture,  that  the  veffels  of  the  the  fap  in  trees, 
bark,  which  pafs  from  the  leaves  to  the  extremities  of  the  roots, 
were,  in  their  organization,  better  calculated  to  carry  the  fluids 
they  contain  towards  the  roots  than  in  the  oppofite  direction. 

I  had  not,  however,  at  that  time,  any  experiment  direftly  to 
fupport  this  fuppofltion  ;  but  I  thought  the  forms  generally  af- 
liimed  by  trees  in  their  growth,  evinced  the  compound  and  con¬ 
tending  adtions  of  gravitation,  and  of  an  intrinfic  power  in  the 
veffels  of  the  bark,  to  give  motion  to  the  fluid  palling  through 
them.  In  the  account  of  the  experiments  which  I  have  now 
the  honour  to  addrefs  to  you,  I  trufl  I  fliall  be  able  to  adduce 
fome  intereding  fads,  in  fupport  of  that  inference. 

Having  feleded,  in  the  (pring  of  1802,  four  drong  (hoots  of 
the  vine,  growing  along  the  horizontal  trellis  of  my  vinery,  I 
depreffed  a  part  of  each  (hoot,  whilft  it  was  foft  and  fucculent, 
about  three  inches  deep,  into  the  mould  of  a  pot  placed  beneath 
it  for  that  purpofe  ;  but  without  making  any  wound,  or  incifion, 
in  the  young  (hoots  thus  employed  as  layers. 

In  this  petition  they  remained  during  the  fucceeding  dimmer; 
and,  in  the  autumn,  had  nearly  filled  the  pots,  which  were  ten 
inches  in  diameter,  with  their  roots.  As  foon  as  the  leaves  had 
fallen,  the  layers  were  difengaged  from  the  parent  docks;  and 
about  five  inches  of  wood,  containing  one  bud,  were  left,  bath  at 
the  proper  and  the  inverted  end  of  each  layer.  Every  bud  was 
alfo,  by  previous  management,  made  to  dand  at  an  equal  didance 
from  the  mould  in  the  pots,  and  with  an  equal  elevation,  of 
about  thirtv-fix  decrees.  About  one  inch  of  wood  was  like- 
wife  left  at  each  end  of  every  la^er  beyond  the  buds, 
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Experiment'  In  the  fuccecdlng  fpring,  the  buds  vegetated  flrongly,  both 

arad  observations  t|ie  proper  an(j  at  the  inverted  ends  of  the  layers,  as  the 

on  the  motion  oi  .  1  _  ,  ,  ,  rt  ,  ,  ,  .  ' 

the  fap  in  trees,  experiments  of  Hales  and  du  Hamel  had  given  me  reafon  to 

expedt;  and,  in  one  infiance,  the  bud  at  the  inverted  end  of 

the  layer  grew  with  greater  vigour  than  that  at  its  proper  end  : 

but  the  growth  of  thefe  buds  was  not  the  objc<5t  which  I  had 

in  view. 

I  have  already  ftated,  that  nearly  an  inch  of  wood  was  left  at 
each  end  of  every  layer,  beyond  the  bud  ;  and,  to  this  wood,  at 
the  inverted  ends  of  the  layers,  my  attention  was  chiefly  dired- 
ed  :  for,  if  the  veflfels  of  the  bark  poflefTed  the  powers  I  attributed 
to  them,  I  concluded  that  the  lap  would  be  impelled  to  tiie  in¬ 
verted  ends  of  the  layers,  and  be  there  employed  in  the  pro- 
dudion  of  new  wood,  and  roots  ;  and,  in  this,  my  expedations 
were  not  difappointed.  At  the  proper  end  of  the  layers,  the 
wood  immediately  beyond  the  buds  became  dry  and  lifelefs, 
early  in  the  fucceeding  fummer  ;  the  ftems  alfo,  between  the 
buds  and  the  mould  in  the  pots,  increafed  in  fize  as  ufual ;  and 
nothing  peculiar  occurred.  But,  at  the  inverted  end,  appear¬ 
ances  were  extremely  different :  new  wood  here  accumulated 
rapidly  beyond  the  buds,  and  numerous  roots,  of  confiderable 
length,  were  emitted,  wliilff  no  fenfible  growth  took  place  be¬ 
tween  the  bafe  of  the  young  (hoots  and  the  mould  in  the  pots. 

It  having  been  proved  by  Du  Hamel,  that  inverted  parts  of 
trees  readily  emit  roots,  T  expe&ed  to  derive  further  information 
,  from  cuttings  of  this  kind  :  I  therefore  planted,  in  (he  autumn 

of  1S02,  forty  cuttings  of  the  goofeberry-tree,  and  unequal 
number  of  the  common  currant-tree ;  one  half  of  each  being 
inverted.  Of  the  former,  not  one  of  the  inverted  cuttings  fuc- 
ceeded  ;  whereas  few  of  the  latter  failed  ;  and  in  thefe  I  had  an 
opportunity  of  obferving  the  fame  accumulation  of  wood  above 
the  bafes  of  the  annual  (hoots,  and  the  fame  mode  of  growth, 
iw  every  refpeci,  as  in  the  inverted  vines;  except  that  no  roots 
were  emitted  at  their  upper  ends.  The  fame  thing  occurred, 
without  any  variation,  in  inverted  grafts  of  the  apple-tree. 

It  .-'be  admitted,  according  to  the  theory  I  have  on  a  former 
occaflon  laid  before  you,  that  the  fap  defeends  from  the  leaves 
through  the  vcflels  of  the  bark,  and  that  fuch  veflels  are,  in 
their  organization,  better  calculated  to  carry  their  contents  to¬ 
wards  the  original  roots  than  in  the  oppofite  dire&ion,  it  will  be 
sxtremely  eafy  to  explain  the  caufe  of  the  accumulation  of 

wood. 
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wood,  and  the  emilTion  of  roots,  above,  inffead  of  below,  the  Experiments 
bale  of  the  annual  (hoots.  The  veffels  of  the  bark  (the  vaijfcaux 
propres  of  Du  Hamel)  commencing  in  the  leaves,  were  formerly  the  fap  in  trees, 
traced  by  M.  Mariotte,  and  fubfequently  by  myfelf,  (being 
ignorant  of  his  difcovery,)  to  the  extremities  of  the  roots  ;  and, 
when  a  cutting  or  tree  is  planted  in  its  natural  pofition,  the  fap 
pafles  downwards  through  thefe,  to  afford  matter  for  new  roots, 
and  to  increafe  the  bulk  of  thofe  already  formed,  having  given 
proper  nutriment  to  the  branches  and  trunk  in  its  defeent. 

But,  in  the  inverted  cutting,  or  tree,  thefe  veffels  become  in¬ 
verted  ;  and,  if  their  organization  be  fuch  as  1  have  luppoied  it, 
a  conffderable  part  of  that  fluid,  which  naturally  defeends,  will 
be  carried  upwards,  and  occafion  the  produdtion  of  new  wood, 
above,  inffead  of  below,  the  jun&ion  of  the  annual  (hoot- with 
the  older  wood,  as  in  the  experiments  I  have  deferibed.  The 
force  of  gravitation  will,  however,  ffill  be  felt;  and  by  its  agency, 
lufficienl  matter  to  form  new  roots  may  be  conveyed  to  thofe 
parts  of  the  inverted  cutting,  or  tree,  which  are  beneath  the  foil. 

Befides,  if  we  fuppofe  a  variation  to  exiff  in  the  powers  or 
organization  of  the  veffels  which  carry  the  fap  towards  the  • 
root,  we  may  alfo  attribute,  in  a  great  meafure,  to  this  caufe, 
the  different  forms  which  different  fpecies  or  varieties  of  trees 
affume;  for,  if  the  fluid  in  thefe  veffels  be  impelled  with  much 
force  towards  the  roots,  little  matter  will  probably  be  depoffted 
in  the  branches,  which,  in  confequence,  will  be  (lender  and 
feeble,  as  in  the  vine;  and  there  is  not  any  tree  that  has  been 
the  fubjedt  of  my  experiments,  in  which  new  wood  accumulated 
fo  rapidly  at  the  upper  end  of  inverted  plants,.  To  an  excefs  of 
this  power,  in  the  veffels  of  the  bark,  we  may  alfo  aferibe  the 
peculiar  growth  of  what  are  called  weeping  trees  ;  for,  by  this 
power,  the  effedls  of  gravitation  will  be,  in  a  great  degree, 
fufpended ;  and  the  pendant  branch  will  continue  healthy'  and 
vigorous,  by  retaining  its  due  circulation.  The  perpendicular 
branch  will,  however,  ffill  poffefs  fome  advantages;  for  in  this, 
gravitation  will  a<5t  on  the  fluid  defcending  from  the  leaves; 
and  thefe  will  of  courfe  abforb  from  the  atmofphere  with  in- 
creafed  activity.  A  greater  quantity  of  matter  will  therefore 
enter,  within  any  given  portion  of  time,  into  veffels  of  the  fame 
capacity  ;  and  this  increafed  quantity  may  frequently  exceed 
that  which  the  veffels  of  the  bark  are  immediately  prepared  to 
carry  avvav.  Much  new  wood  will  in  confequence  be  generated, 
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Experiments  and  increafed  vigour  given;  and,  the  lame  caufes  operating 
and  obfervations  through  fucceffive  feafons,  will  give.lhe  afcendancy  we  gene- 

the  fap  in  trees,  rally  obferve  in  the  perpendicular  branch. 

In  the  preceding  experiments,  none  of  the  layers,  or  cuttings, 
exceeded  a  few  inches  in  length  ;  and,  to  the  fummit  of  thefe 
the  fap  appeared  to  rife,  through  the  inverted  tubes  of  the  wood, 
nearly  as  well  as  in  thofe  which  retained  their  natural  petition. 
But  tome  former  experiments  had  induced  me  to  fufpect,  that 
this  would  not  be  the  cafe  in  longer  cuttings ;  I  therefore  planted 
in  the  autumn  of  1S02,  twelve  cuttings  of  the  fvvallow,  fSalix 
caprea,)  inverting  one  half  of  them.  The  whole  readily  emitted 
roots,  and  grew  with  luxuriance;  but  their  modes  of  growth 
were  extremely  different.  In  the  cuttings  which  hood  in  their 
natural  podtion,  vegetation  proceeded  with  mod  vigour  at  the 
points  moll  elevated  ;  but  in  the  inverted  cuttings,  it  grew  more 
and  more  languid  as  it  became  didant  from  the  ground,  and 
nearly  ceafed,  towards  the  conclufion  of  the  fummer,  at  the 
height  of  four  feet.  The  new  wood  alfo,  which  was  generated 
by  thefe  inverted  cuttings,  accumulated  above  the  bales  of  the 
annual  dioots,  as  in  the  preceding  in  dances. 

Thefe  facts  appear  to  prove,  that  the  veffels  of  plants  are  not 
equally  well  calculated  to  carry  their  contents  in  oppofite  di¬ 
rections  ;  and,  I  think,  afford  fome  grounds  to  fufpeft  that  the 
veffels  of  the  bark,  like  thofe  which  conditute  the  venous 
fyftem  of  animals,  {to  which  they  are  in  many  refpe&s  analo¬ 
gous,)  may  be  provided  with  valves,  whofe  extreme  minulenefs 
has  concealed  them  from  obfervation. 

The  experiments,  and  dill  more  the  plates,  of  Hales,  have 
induced  naturalids  to  draw  conclufions  in  dired  oppofition  to 
the  preceding.  But  the  Plates  of  that  great  naturalid  are  not 
always  taken  correctly  from  nature;  *  and  Plates,  under  fuch 
circumdances,  however  fair  and  candid  the  intentions  of  an 
author  may  be,  will  too  olten  be  found  fomewhat  better  calcu¬ 
lated  to  fupport  his  own  hypothefis,  than  to  elucidate  the  facts 
he  intends  to  dale. 

Thepreceding  peculiarities  in  thegrowth  of  inverted  cuttings, 
appear  to  have  efcaped  the  obfervation  of  Du  Hamel ;  and,  as 
very  few  indances  of  error,  or  want  of  accurate  obfervation, 

*  The  eleventh  Plate  (Vegetable  Staticks)  is  that  to  which,  in 
this  place,  I  particularly  allude. 


will 
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will  ever  be  found  in  the  works  of  that  excellent  naturalift,  I  Experiments 
mud  requed  permiffion  to  fend  you  fome  of  the  fubie£ts  of  my  anJ  obfervftlon® 
experiments,  as  vouchers  for  my  own  accuracy.  the  fap  in  trees. 

Of  the  inverted  cuttings  employed  by  Du  Hamel,  a  fmall 
portion  only  appears  to  have  remained  above  the  ground  ;  and 
under  fuch  circumdances,  the  different  forms  of  thofe  growing 
in  their  natural,  or  inverted,  podtion  would  be  fcarcely  ob- 
fervable.  It  appears  alfo,  from  his  experiments,  that  fuch  in¬ 
verted  cuttings,  in  fubfequent  years,  grow  with  as  much  vigour 
as  others  that  are  not  inverted;  whence  we  mud  conclude,  that 
the  organization  of  the  internal  bark  becomes  again  inverted, 
and  adapted  to  the  podtion  of  the  branch.  The  growth  of  fome 
inverted  plants  of  the  goofeberry-tree,  which  I  obtained,  many 
years  ago,  from  layers,  gave  me  reafon  to  draw  a  different  con- 
clufion  ;  for  thefe  always  continued  weak  and  dwardfh.  I  do 
not,  however,  entertain  the  flighted  degree  of  doubt,  but  that 
the  affertion  of  Da  Hamel  is  perfedtly  correct. 

I  intended  to  have  added  fome  obfervations  on  the  repro¬ 
duction  of  buds  and  roots  of  trees;  but  thefe  would  neceflarily 
extend  the  prefent  Paper  to  an  immoderate  length  ;  I  fliall 

therefore  referve  them  for  a  future  communication,  and  con- 

/ 

elude  with  an  account  of  an  experiment  which  more  properly 
belongs  to  the  Paper  I  had  the  honour  to  addrefs  to  you  lad 
year,  but  which  had  not  then  (ucceeded. 

I  have  dated,  in  that  Paper,  that  the  leaf-dalk,  the  fruit- 
dalk,  and  the  tendril,  of  the  vine,  had  been  fuccefsfully  fubfli-  » 
luted,  in  many  indances,  for  each  other;  but  that  I  had  failed 
in  my  efforts  to  engraft  a  bunch  of  grapes,  by  approach,  on  the 
leaf-dalk  ;  owing,  I  conceived,  to  the  operation  having  been 
improperly  performed.  In  thole  experiments,  I  cut  the  leaf-dalk 
into  the  form  of  a  wedge,  and  made  an  incifion  in  the  fruit- 
dalk,  adapted  to  receive  it ;  but,  under  fuch  circumdances,  the 
leaf-dalk  (as  I  had  proved  by  many  experiments)  has  no  power 
to  generate  new  matter;  and  the  wounds  of  the  fruit-dalk  heal 
fo  flow  I  v,  that  1  readily  anticipated  the  ill-fuccefs  of  the  opera¬ 
tion.  In  the  lad  fpring,  I  pared  off  fimilar  portions  of  the  leaf- 
dalk  and  fruit-dalk;  and,  bringing  the  wounded  parts  into 
contact,  l  fecured  them  cloddy  together,  by  means  of  a  bandage, 
letting  the  leaf  remain.  Under  thefe  circumdances,  an  union 
took  place ;  and  the  fruit-dalk  being  then  taken  off  below  the 
point  of  junction,  and  the  leaf-dalk  above  it,  the  grapes  drew 

their 


ATMOSPHERIC  ELECTRICITY. 


c294f 

Experiments  tlicir  whole  nutriment  through  the  remaining  part  of  the  leaf- 

and  ’'bferyations  They  did  not,  however,  acquire  their  full  fize;  and  the 

on  the  motion  cf  J  ....  f  .  , 

the  Tap  in  trees,  leeds  were  fmall,  and,  I  think,  incapable  ot  vegetating  ;  but 

this  I  attribute  to  the  want  of  nutriment  in  quantity  rather  than 

in  quality;  for  the  union  of  the  veflels  ot  the  lea  1-ftalk  with 

thofe  of  the  fruit-dalk  was  very  imperfe£E  The  grapes,  which 

were  the  purple  Frontigniac,  poffelTed  their  tnufky  flavour,  in 

the  fame  degree  with  others  growing  on  the  lame  plant. 

There  is  another  experiment  in  my  lad  Paper,  which  I  will 
alfo  notice  here,  becaufe  it  appears  to  lead  to  tome  important 
conclufions,  and  had  been  tried  only  in  a  fingle  indance.  I 
have  there  dated,  that  the  dem  of  a  young  tree  became  ellipti¬ 
cal,  by  being  confined  to  move  only  in  the  fegment  of  a  large 
circle.  This  experiment  was  fuccefsfuliy  repeated  during  the 
lad  year,  on  other  trees ;  but  1  have  nothing  to  add  to  the  de- 
feription  which  I  have  already  given. 

I  am,  &c. 

T.  A.  KNIGHT. 


XIV. 


Ei trad;  of  a  Memoir  of  Mr.  Erman,  entitled,  Obfervations 
and  Doubts  concerning  AtmoJ'pheric  Electricity  * . 


Signs  of  atmof- 
pheric  ele&ri- 
city  differ  ac- 
coiding  to  the 
inftrument. 


Defcription  of 
the  electrometer 


T\Zj[r.  ERMAN  who  is  already  fo  advantageoufly  known,  to 
philofophers,  has  publifhed  towards  the  end  of  Jud  year,  a 
memoir  which  appears  to  deferve  their  attention  in  an  un¬ 
common  degree. 

When  he  made  experiments  upon  the  eleftricity  of  the  af- 
mofphere,  he  obferved  a  great  diflerence  between  the  refult 
prefenled  by  an  eleftrometer  armed  with  a  condudlor  which 
was  (uddenly  raifed  from  the  earth,  according  lo  the  known 
method,  and  that  of  a  metallic  rod  of  much  greater  length  which 
was  infulated  and  fixed. 

Tiie  ele&romeler  he  ufed  was  that  didinguifhed  in 
‘Germany  by  the  name  of  the  ele&romeler  of  Weifs.  The 
length  of  its  leaves  of  gold  is  half  an  inch,  and  the  diameter 
of  the  glals  tube  which  enclofes  them  is  three  quarters  of  an 


*  Journal  de  Phyfique,  Thermidor  12,  or  Vul.  LIX.  98. 

inch 
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inch  in  diameter,  the  height  being  an  inch  and  a  half*.  Its 
cover  of  ivory  does  not  project  above  the  glafs,  and  is  per¬ 
forated  in  the  middle  with  a  hole  in  which  a  (mailer  glafs  tube 
is  fixed,  and.  through  this  laff  tube  paffes  the  metallic  rod  that 
lerves  to  fufpend  the  gold  leaves,  and  is  upon  the  whole  five 
feet  in  length,  being  compoled  with  feveral  pieces  fcrewed 
together,  in  order  that  they  may  be  more  eaffly  conveyed 
from  place  to  place  by  feparating  them.  A  divergence  of 
three  lines  in  thefe  leaves  anfwers  to  two  lines  in  the  elec¬ 
trometer  of  Volta  ;  and  that  degree  of  eledtricity  which  would 
produce  a  divergence  of  two  lines  and  a  half  in  this  laff, 
caufes  the  leaves  of  Mr.  Weifs  to  touch  the  tides  of  the  glafs 
cylinder. 

Mr.  Erman  walked  in  the  fields  with  his  eledtrometer,  When raifed 
having  its  rod  confined  to  the  length  of  three  feet.  When  he*lddeP'y 

°  °  „  diverges  plus* 

luddenly  raifed  it  from  the  ground,  he  obferved  a  ffrong 
divergence  of  plus  electricity.  When  he  lowered  it  with 
the  fame  fwiftnefs,  he  perceived,  an  equal  great  divergence 
of  minus.  The  point  of  a  fixed  metallic  rod  of  much  greater 
length,  eredted  at  the  fame  fpot,  did  not  give  the  leaff  indica¬ 
tion  of  eledtricity. 

An  eledtromeler  placed  on  a  pod  of  three  feet  in  length,  If  flowly raifed  it 
produced  no  divergence;  and,  when  it  was  afterwards  flowly  then^*^6* 
railed  one  foot,  or  a  foot  and  a  half,  it  likewile  afforded  no  fuddenly  de- 
ffgn  ;  but  when  it  was  very  quickly  brought  down  to  the  poll,  pretred it divcrgee 
it  exhibited  minus  eledtricity  to  fuch  a  degree,  that  the  gold 
leaf  touched  the  tides  of  the  glats.  This  charge  was  gradually 
difperfed  in  the  air,  or  by  touching  the  eledtrometer  with  the 
band  *  ;  but  by  raiding  the  inffrument  with  equal  fpeed  above 
the  port,  a  divergence  of  plus  eledtricity  of  the  fame  ffrength 
was  afforded  which  was  deffroyed  in  the  fame  manner. 

The  more  inlulating  the  air  the  lefs  it  is  necefiary  to  raife  Conducing 
the  electrometer  in  order  to  produce  this  effect;  but  the  longer  Power  tiie  air 
the  point,  the  more  ftrikingly  will  the  effedt  be  (hewn,  even refuks^tS  * 
in  damp  weather.  A  circular  motion  at  a  conffant  diffance 
above  the  earth  does  not  exhibit  any  eledtricity,  neither  does 
a  progreffive  motion  upon  level  ground  afford  any  change ; 

*  From  this  fa<5t  it  appears,  that  the  ele£trometer  had  not  any 
flips  of  metal  within  the  tube  like  thofe  of  Bennet,  who  firft  ufea 
gold  leaves.  N. 

but 
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SaufTure's  obfer 
vations. 


but  when  the  ground  riles  even  infenfibly,  the  phenomenon 
is  obferved,  and  it  is  rather  extraordinary,  that  it  even  affords 
a  means  of  afcerlaining  the  level. 

Variations  of  the  To  vary  the  experiment,  the  electrometer  may  be  placed 
cxp;rim-nt.  Up0n  a  ]ow  fn pport,  and  touched  with  an  infulated  Hick  or 
wire  which  has  been  quickly  moved  towards  the  ground,  and 
is  afterwards  raifed  with  the  fame  quicknefs.  The  elec¬ 
trometer  in  the  firft  cafe  exhibits  plus  electricity ,  and  in  the 
fecond  minus. 

It  is  very  remarkable,  that  the  minus  electricity  paffes 
through  Zero  before  it  changes  into  plus,  and  vice  verfa ,  ac¬ 
cordingly  as  the  intlrurnent  is  raifed  or  lowered  even  when 
there  is  no  interval  between  the  two  motions;  but  the  diver¬ 
gence  w’ill  be  more  vitible,  if  time  be  allowed  for  the  elec¬ 
trometer  to  difcharge  itfelf  between  the  two  experiments. 

Sauffure  formerly  obferved  the  effential  requifites  in  this 
phenomenon;  but  his  electrometer  w;as  not  fo  fenfible,  and 
he  explained  the  phenomenon  by  fuppoling  that  the  elec¬ 
trometer  was  the  moft  infulated,  and  the  fixed  rod  not  fuf- 
ficiently  fo  to  indicate  fuch  flight  degrees  of  eleCtricity. 

The ele&rometer  Mr.  Erman  has  afeertained,  that  the  phenomenon  muff 
is  affeded  not  by  be  attributed  to  the  manner  in  wdiicli  the  eleCtricity  is  d i flribut- 
the  atnwfphere," ed  in 'bodies.  The  mafs  of  the  ground  exerts  its  influence 
but  (imply  by  the  very  fenlibly  to  a  certain  diftance,  and  the  eleCtric  atmofpheres 

earth* which  'up-  a<^  uPon  each  other  without  any  intervention  of  the  air.  The 
pears  to  poflefs  infulated  metallic  rod  which  we  raife  from  the  ground  by 
the  minus  tHte.  j10|(] jng  perpendicularly,  undergoes  no  other  change  than 

is  owdng  to  its  own  proper  eleCtricity,  which  is  then  lefs  com- 
penfated  by  the  influence  of  the  ground.  Whether  the  elec¬ 
trometer  or  the  plate  of  an  eleCtrophorus  be  flowly  railed, 
the  electricity  becomes  communicated  to  the  furrounding  air. 
The  termination  and  is  not  manifefted.  A  ball  placed  on  the  point  of  the  rod 
ot  the  conductor  Gf  the  eleCtrometer  does  not  at  all  change  the  divergence  of 
endofed  in  glafs,  the  leaves;  and  even  when  the  conducting  rod  of  the  elec- 
makes  no  dif-  trometer  is  enclofed  in  a  tube  of  glafs  rot  open  at  the  top, 
the  phenomena  are  the  fame,  and  the  divergencies  of  phis 
and  minus  are  equally  feen  according  to  the  direction  of  the 
motion.  And  when  a  fecond  tube  is  put  over  the  firft,  for 
the  purpofe  of  more  exaCtly  preventing  the  contact  of  the  air, 
the  refults  are  not  at  all  changed. 

3  Mr. 
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Mr.  Erman  procured  a  tube  of  glafs  14  feet  long,  which  he  A  fixed  rod  not 
covered  with  varnilh,  and  through  which  he  introduced  a  R^fituatioriwhU 
metallic  wire  which  patted  above  the  upper  part,  and  had  regard  to  the 
the  ele&romeler  adapted  to  its  lower  extremity.  A  (mall  \ait*‘  ls.I10t 
piece  of  amber  being  rubbed  and  applied  to  the  upper  end 
of  the  wire,  produced  a  divergence  in  the  leaves.  The 
electricity  of  the  air  had  not,  however,'  any  influence  on  this 
fixed,  and  very  nicely  infulated  point  ;  which  fliews,  that  the 
air  furrounding  a  point  is  more  adapted  to  deprive  it  of  elec¬ 
tricity  than  to  communicate  it.  Another  electrometer  which 
was  raifed  from  the  earth  at  the  fame  time  produced  a  great 
divergence. 

Mr.  Erman  wiflied  to  knowr  whether  two  bodies  in  the  fame  Two  eleftrome- 
atmofpheric  ftratum  reciprocally  modify  their  eleCtric  fiate, 
when  their  diftance  is  altered  in  either  direction.  Two  gold  then  horizontally 
leaf  electrometers  equally  fen  Able,  and  armed  with  rods  three  ftparated  affedt 

J  ....  each  other  a-c- 

feet  long,  one  of  winch  was  bended,  (o  that  its  point  could  cording  to  the 

be  placed  near  that  of  the  other  electrometer,  on  the  fame  ,a^s  ot  bodies 
horizontal  line  were  held  at  arms  length  from  each  other,  and  trified/ 
touched  with  the  finger  to  difeharge,  and  put  them  in  equili¬ 
brium  with  the  furrounding  air.  They  were  afterwards  brought 
towards  each  other  horizontally,  and  when  they  were  fuf- 
ficiently  near  to  permit  their  atmofpheres  to  aCt  on  each  other, 
there  was  a  divergence  of  minus  electricity  on  both  lides, 
which  came  to  its  maximum  when  the  electrometers  were  in 
contaCt.  They  were  again  feparated,  and  the  divergence 
difappeared,  both  being  at  the  fiate  of  Zero.  One  of  the 
wires  of  thefe  electrometers  was  put  in  contaCt  with  the 
earth,  when  the  divergence  of  the  other  infulated  electrometer 
fuddenly  diminifhed  to  half  its  former  quantity;  a  faCi  that 
alfo  proves  that  the  whole  depends  upon  the  eleCtriciiy  in¬ 
herent  in  bodies,  and  not  at  all  upon  that  of  the  atmofphere. 

When  the  electrometers  were  removed  from  each  other,  Continuation  nf 
that  which  was  touched  with  the  fmgei  indicated  plus  in  a  the  exPenmenU 
degree  equal  to  the  minus  it  had  before  (hewn.  If  the  two 
electrometers  be  touched  with  the  finger,  no  further  ap¬ 
pearance  of  the  minus  divergence  is.  feen  in  either  of  them; 
but  if  they  be  then  feparated  both  will  exhibit  plus.  Can 
thefe  phenomena  be  attributed  to  the  air?  or  is  it  poffible  to 
avoid  admitting  in  thefe  experiments  the  influence  of  eleClric 
atmofpheres,  and  the  law  ot  the  condenfer? — It  is,  therefore, 

well 
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The  ele&ric  in¬ 
fluence  of  a  tree 
was  itill  greater. 


s 


The  mutual  in¬ 
fluence  of  two 
electrometers  is 
Icaiceiy  feen 
very  near  the 
earth.  Remarks 
co  aevoftatic  ex¬ 
periments  pro- 
pofed. 


well  proved,  that  all  bodies  even  whjch  are  in  equilibrium 
with  the  earlh,  have  ele&ric  atmorpheres  in  the  open  air, 
from  which  relults  a  modification  in  their  electric  date. 

Mr.  Erman  conjectured,  that  a  body  of  a  greater  volume 
might  have  If  ill  more  influence.  He  obferved  a  tree  which 
flood  alone  in  an  open  fpace.  He  retired  to  the  di fiance  of 
tw'enty  paces  from  it,  and  difeharged  the  electricity  of  Ins 
electrometer  by  touching  it  with  the  finger.  He  then  ap- 
proachecl  the  tree,  keeping  his  electrometer  at  the  fame  height 
above  the  earth.  The  electrometer  diverged  negatively,  and 
the  divergence  continually  augmented  as  he  came  nearer,  io 
that  the  leaves  of  gold  touched  the  lides  of  the  glafs  at  the 
moment  when  he  was  under  the  tree.  This  negative  ftate 
lafted  as  long  as  he  remained  there,  but  when  he  retired 
again  it  gradually  difappeared,  fo  as  to  have  become  infenfible 
when  he  arrived  at  the  original  diftance  of  twenty  feet. 

When  the  communication  between  the  point  of  the  elec¬ 
trometer  and  the  earth  was  completed  under  the  tree,  the 
divergence  ceafed  ;  but  the  electricity  was  only  apparently 
defiroyed,  and  manifefled  itfelf  again  when  he  retired  from 
the  tree. 

Two  electrometers  being  brought  near  each  other  at  the 
diftance  of  half  a  foot  from  the  earth,  did  not  produce  this 
e  fleet,  becaufe  the  mafs  of  the  earth  too  greatly  influenced 
that  proximity.  In  order  to  have  very  Ample  refults,  it  would 
be  requiflte  to  difeover  fome  means  of  rapidly  elevating  an 
infulated  body  to  fome  thoufands  of  feet  above  the  ground  ; 
and  if  this  experiment  were  undertaken  in  the  boat  of  a  bal¬ 
loon,  it  wouid  probably  be  feen,  that  the  pofitive  charge 
would  conffantly  increafe  during  the  afeent,  and  would  be¬ 
come  negative  as  it  approached  the  earth  :  but  if  means 
could  be  had  of  changing  the  f)fiem  of  the  balloon  in  the  at- 
mofphere,  by  the  intervention  of  another  body,  which  would 
be  difficult,  the  contrary  effects  might  be  expected.  This 
change  of  fyflem  is  however  feen  when  a  cloud  defeends, 
and  difeharges  itfelf  w’ilh  explofion  into  the  earth.  Hut  an 
electrometer  of  the  ufual  conltruCtion  in  the  boat  of  a  balloon 
would  indicate  nothing,  becaufe  (he  upper  part  always  has  a 
charge  of  eleCfriciiv  of  the  fame  kind  as  that  of  the  gold- 
leaves,  and  of  equal  intend ty. 


If 
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If  the  influence  of  the  electricity  of  the  ground  be  fuf-  Thef<  fr-ft; 
ficient  to  prevent  the  divergence,  the  fame  etfeCt  ought  to  f  nnf'  1 
take  place  in  every  clofe  chamber,  becaufe  a  roof  or  ceiling  &c. 
may  be  contidered  as  a  prolongation  of  the  ground.  Hence 
it  is  that  this  polarity  does  not  manifeft  itfelf  in  a  chamber ; 
it  is  alfo  erroneous  to  pretend  that  the  atmofphere  produces 
electricity  ;  and  it  is  equally  erroneous  to  atfert,  that  eleCtric 
repulfion  does  not  take  place  in  a  vacuum;  Mr.  Erman  pro- 
po!  es  to  eftablifh  in  an  inconieftible  manner  in  another  me¬ 
moir,  that  the  repultive  force  of  eleCiricity,  as  v\ell  as  of 
magnetifm,  are  al(o  manifefted  in  a  vacuum. 

If  the  electricity  of  the  rod  of  the  electrometer  could  be  The  ele&ric 
afcribed  to  that  of  the  atmofphere,  it  would  follow,  that  it  ^lgns  f.° noc, 
fhould  be  equally  electric  through  its  whole  length;  but  if  it  air;  for  the  rod 

depend  on  the  earth,  the  rod  will  not  be  equally  electrified,  ls.for  l!lke  e;ec’ 

^  .  .  .  .  1  7  trihed  through- 

and  its  different  parts  will  be  variouily  modified  accordingly  as  out. 

they  may  be  more  or  lefs  remote  from  the  earth  ;  and  this  in 
fact  is  the  cafe.  Two  electrometers,  each  having  a  pointed 
rod  of  three  feet,  one  of  which  was  twice  bended  in  a  right 
angle,  fo  as  to  have  an  horizontal  portion  of  three  or  four 
inches  before  it  proceeded  upwards,  were  held  in  luch  a 
manner,  that  the  point  of  the  itraight  rod  of  the  one  touched 
the  horizontal  part  or  elbow  of  the  other,  which  wras  lower. 

When  they  were  touched,  to  difcharge  them,  no  divergence 
was  feen,  but  when  they  were  afterwards  feparated  horizon¬ 
tally,  the  leaves  of  the  lower  electrometer  diverged,  while 
tbofe  of  the  upper  wmre  not  at  all  moved. 

It  is  very  remarkable  that  the  nearer  the  contact  is  made  to  Its  ftate  differs 

the  upper  point  of  the  compound  conductor  to  take  its  elec-  as  tlie  con^a<a;  1S 

.  .  J.  .  .  .  ,  r  .  r  .  made  in  different 

tricify  from  it,  the  greater  is  the  pofitive  divergence  of  the  parts  of  its 

lower  eleCtrometer;  and  if  the  difcharge  be  made  very  near 

the  upper  point,  the  electrometer  will  indicate  plus  but  very 

feebly  broom  pa  rifon  with  that  below. 

If  thefe  two  electrometers,  the  conducting  parts  of  w’hich  Electric  polarity, 
form  together  a  length  of  fix  feet,  be  raifed  perpendicularly 
fume  feet  above  the  earth,  the  plus  electricity  will  be  obferved 
in  both  ;  but  if  they  be  feparated  horizontally,  the  upper  one 
will  retain  its  divergence,  and  the  lower  will  augment  it  fuel- 
denly*,  even  to  double.  From  this  it  is  evident  that  the  con¬ 
ductor  has  not  the  fame  charge  of  eleCtricity  through  ail  its 
length,  and  this  is  precifely  what  is  called  polarity  ;  and  as  the 

prefence 
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One  extremity 
of  an  eleCtromc 
ter  indicates  di¬ 
vergence  ;  the 
other  does  not. 


Experiments  on 
the  electricity  of 
the  atmofpheie 
uncertain. 


prefence  of  the  electrometer  is  not  ctfential  in  this  experiment, 
we  may  conclude  from  it  that  each  conductor  placed  perpendi¬ 
cularly  on  the  earth,  has  its  polarity  in  the  direction  in  which 
we  have  juft  explained  it. 

This  (hows  why  an  electrometer  indicates  a  divergence  plus 
when  the  point  is  touched  with  the  hand  in  the  open  air,  and  is 
foon  withdrawn,  while  there  is  no  divergence  when  the  lower 
part  of  the  wire  is  touched.  This  phenomenon  is  feen  in 
Weifs’s  electrometer,  even  when  the  wire  is  not  more  than 
three  quarters  of  a  foot  long. 

From  all  this  it  will  be  feen  how  deceitful  the  experiments 
on  (he  electricity  of  the  atmofphere  may  be;  for  in  the  com¬ 
mon  method,  the  hand  is  directed  to  be  moved  from  the  bottom 
upwards,  towards  the  point  of  the  electrometer,  to  deprive  it 
of  its  accidental  electricity,  and  it  is  precifely  this  which  com¬ 
municates  it  to  it. 


The  irrerven- 
tion  of  a  cloud, 
rain,  &c.  re¬ 
veries  the  phe- 


Wilh  refpeCt  to  the  exceptions  which  the  facts  announced 
above  may  be  liable  to,  it  mu  ft  he  obferved  that  when  a  fiorrn 
drives  a  cloud  over  the  zenith  of  the  observer,  or  when  rain. 


jiomena ; 


but  a  continued 
rain  or  a  /Icy 
whoily  obfeured 
by  clouds  does 
not. 


hail  or  fnovv  falls  at  the  place  of  observation,  the  phenomena 
which  occur  are  totally  oppofite  ;  the  electrometer  gives  plus 
when  it  is  brought  towards  the  earth,  and  minus  when  it  is  re¬ 
moved  from  it,  &.c.  &c.  But  this  anomaly  is  only  a  tranfient 
efTeCt,  and  the  pretended  negative  ftate  of  the  atmofphere  does 
not  exift,  either  when  the  rain  is  of  long  duration,  or  when 
the  fky  is  entirely  covered  with  clouds;  for  in  the  latter  cate 
the  electrometer  is  pofitive  on  being  raifed,  as  when  the  Iky  is 
clear.  The  perturbations  ipoken  of  are  only  momentary  and 


Thefe  changes  change  continually .  It  is  evident  that  thefe  changes  cannot  be 
th e t r to fp h'r e  attributed  to  the  charge  of  electricity  fet  at  liberty  in  the  air: 
of  the  cloud,  it  is  more  probable  that  thefe  maffes  of  clouds  modify  the  elec¬ 
trometer  by  their  atmofpheres,  like  the  tree  in  the  preceding 
experiment.  The  perpendicular  conductor  may  be  compared 
to  an  iron  bar,  the  polarity  of  which  is  reverfed  accordingly  as 
the  fame  pole  of  a  magnet  is  presented  to  one  or  other  of  its 
and  may  be  imi-  extremities ;  thefe  etfeCts  of  the  meteoric  maffes  may  alfo  be 
utC(1*  imitated  by  conductors  ;  the  foie  motion  of  the  hand  above  the 

point  of  an  electrometer  is  fufheient  to  produce  the  negative 
ftate  in  queftion,  and  infulation  renders  thefe  effects  more 


fenfible. 


(To  be  concluded  in  our  next .) 
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JL  ROFESSOR  DANZEL  of  Hamburgh  made,  in  the  be-  Mechanifm  for 

ginning  of  laid  year,  a  fecond  experiment  of  the  mechanifm 

be  has  invented  for  the  dire6tion  of  aerobatic  machines.  He 

is  faid  to  have  obtained  a  progrefs,  in  a  right  line,  ol  twelve 

feet  in  a  fecond,  which  is  nearly  equal  to  three  leagues  in  an 

hour,  although  he  did  not  bring  more  than  half  his  means  into 

a6fion.  On  the  fame  day  he  made  an  ebay  with  another 

machine  for  the  fame  ufe,  the  refult  of  which  was  not  lefs 

fuccefsful.  He  has  fince  publifhed  the  principles  of  his 

difcovery  in  a  pamphlet,  entitled,  “  Balls  of  the  Mechanifm 

for  the  Diredtion  of  Aeroftatic  Globes,  by  Profeffor  Danzel, 

of  the  Society  of  Emulation  of  Abbeville,  at  Hamburgh.” 

The  clafs  of  phy Ileal  and  mathematical  fciences  of  the  Correfpon dents 
National  Inbitute  of  France,  in  its  fitting  of  2d  Pluviofe,  in  e!e^cd  G  t^e 

°  .  dais  or  phyfscal 

the  year  XII.  elected  the  following  correfponding  members.  and mathematical 
Mebrs.  Leblond,  engineer,  returned  from  Cayenne;  Bernard,  fciences  of  the 

in  n  in-  i  n'  •  French  national 

engineer  and  attronomer,  at  Bagnols ;  Simons,  phyncian  at  inftitutc. 
London  ;  Crell,  German  chemib ;  Thunberg,  the  fucceffor  of 
Linnneus  in  Sweden,  who  made  the  voyage  to  Japan  ;  Bugge, 
abronomer  to  the  king  of  Denmark;  Gobe,  chemib  at 
Geneva;  Proutt,  chemib  at  Madrid;  Cugnoli,  abronomer 
at  Modena  ;  Reboul,  to  whom  we  are  indebted  for  themeafures 
made  in  the  Pyrenees;  Mendoza,  a  Spaniard,  fettled  at 
London,  known  by  his  important  works  on  navigation. 

They  were  all  correfpondents  of  the  Academy  of  Sciences 
in  1793. 

The  fame  clafs  has  prolonged  the  time  for  receiving  anfwers  Prize  queftions- 
to  the  following  prize  quebions,  until  the  lb  Germinal,  in 
the  year  XIII,  “  To  determine  by  experiment  the  diberent 
iources  of  carbon  in  vegetables.”  And,  “  To  determine 
by  anatomical  and  chemical  obfervations  and  experiments, 
what  are  the  phenomena  of  the  torpidity  which  certain 
animals,  fuch  as  marmots,  dormice,  &c.  experience  during 
the  winter,  with  refpe6t  to  the  circulation  of  the  blood, 
refpiration  and  irritability  ;  to  enquire  what  are  the  caufes 
of  this  beep,  and  w'hy  it  is  peculiar  to  thefe  animals,” 

The  value  of  the  prizes  is  doubled,  and  conbbs  of  two 
kilogrammes  of  gold,  about  283/.  berling  each. 

The  allronomical  prize,  inbituted  by  M.  de  Lalande,  to  be 
given  to  the  perfon,  in  France  or  ellewhere,  the  members  of 

the 
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Prize  queftions.  (he  Inftitute  alone  excepted,  who  fhall  have  made  the  ob~ 
fervation  mod  irlterefting,  or  publithed  the  memoir  molt 
u Tefal  to  the  progrefs  of  allronomy,  was  in  the  public  fitting 
of  the  6th  Meflidor,  decreed  to  M.  Jofeph  Piazzi,  ProfeTTor 
lxoyal  of  Aftronomy  and  Director  of  the  Oblervatory  of 
Palermo,  for  the  work  which  he  has  lately  publillied  under  the 
title  :  Prcccipuarum  ft  e  liar  urn  inerranlium  pofitioncs  me  dice 
ineunte  fccculo  XIX.  ex  obfervatianibus  habit  is  in  fpecula  Pa - 
normitana.  Panonni,  1S03,  one  volume  in  folio. 

The  fubjeCi  of  the  mathematical  prize  propofed  by  the  clafs, 
in  this  fitting,  is  the  following:  To  give  the  theory  of  the 
perturbations  of  the  planet  Pallas,  difeovered  bv  M.  Olbers. ” 
The  works  are  to  be  written  in  French  or  in  Latin;  and  are 
to  be  received  to  the  III  Germinal  in  the  year  XIV.  The 
prize  is  a  gold  medal  weighing  a  kilogramme. 

The  academy  of  fciences,  literature,  and  the  fine  arts  of 
Turin  has  propofed  the  following  new  prizes. 

Clafs  of  Phyfical  and  Mathematical  Sciences. 

Firff  Prize.  The  electric  and  galvanic  fluids  offer  fo  many 
points  of  analogy,  and  fo  great  a  number  of  different  effects, 
that  many  philofophers  believe  them  to  be  identical,  and  many 
others  make  them  two  diftinff  fluids  : 

New  experiments  are  required  which  fhall  decide ,  in  a  definitive 
manner ,  on  their  identity  or  diverfty. 

Second  Prize.  It  will  be  feen  in  the  Connoijfance  des  terns , 
for  the  year  XII.  page  217,  that  the  refractions  which  are 
adopted  do  not  fliovv  an  agreement  in  the  obfervations  of  the 
fummer  and  winter  folftices  of  the  years  7,  8,  and  9,  to  give 
the  fame  obliquity  of  the  ecliptic,  as  they  fhould  do  ;  and  it 
is  clear  that  a  difference,  fucli  as  is  found,  of  eight  fecOnd.s 
in  the  refult  of  the  calculations,  not  of  one  obfervation,  or 
of  two,  but  in  the  total  of  feveral,  made  on  different  days 
of  different  years,  mull  have  forne  caule: 

A  fatisfuciory  explanation  is  demanded. 

% 

Clafs  of  Literature  and  the  Fine  Arts. 

Queflion  propofed.  To  dernonfirate  whether  the  economical 
faience  known  by  the  name  of  Statiftics,  is  a  new  fcicnce,  and 
what  are  the  advantages  fates  may  derive  from  it. 

The  prize  for  each  queffion  is  600  francs  ;  and  memoirs  are 
to  be  received  until  the  30th  Frimaire  of  the  year  XIII. 
They  are  to  be  written  in  Latin,  French,  or  Italian,  and 

5  fent 
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font,  free  of  portage,  to  the  academy.  The  prizes  will  be  Prize  questions. 

declared  in  the  lalt  public  filling  (Meflidor)  of  the  fame 

year. 

The  fociety  of  emulation  of  Colmar  in  its  fitting  of  the 
i7lh  i'hermidor,  propoled  the  following  lubj eel  for  a  prize 
ot  300  trancs,  to  be  decreed  in  the  public  fitting  of  Meflidor, 
in  the  year  XIII. 

"  1.  What  are  the  readied:  and  lead  expenfive  means  of 
converting  into  animal  oil,  fuch  remains  of  animals  as  have 
been  hitherto  lort  to  the  arts  and  to  confumption  ? 

**  2.  To  what  arts,  and  to  what  kinds  of  fabrication  can 
this  product  be  applied;  and  what  preparations  ihould  this 
fubrtance  undergo  before  it  is  brought  into  commerce? 

“  3.  Finally,  in  an  extenflve  undertaking,  the  object  of 
which  would  be  to  convert  the  remains  or  animals  into  animal 
oil,  what  precautions  would  be  necellary  in  the  adminirtrative 
police,  to  prevent  the  public  health  from  being  injured?” 

The  memoirs  are  to  be  written  in  French,  German,  or 
Latin,  and  lent  before  the  13th  Meflidor,  free  of  poflage,  to 
the  Prefe6t  of  the  Department,  or  to  the  Secretary  of  the 
Society. 


aurora  borealis* 


Extract  of  a  Letter  from  Mr.  J.  Dalton,  Lecturer  at  the 

Royal  Jnjlitution .  Dated ,  Munchejler,  March  12,  1805. 

A  VERY  remarkable  and  lingular  appearance  of  the  Remarkable 
aurora  borealis  was  obferved  at  Manchefter  from  10  to  11  in 
the  evening  of  Saturday  the  23rd  of  February.  The  Iky 
was  almort  completely  obfeured  with  dark  clouds,  efpecially  to 
the  louth,  with  (ome  rain;  about  6'0U  above  the  horizon,  oti 
the  fouth  meridian,  there  was  a  fpace  in  which  the  cloud  was 
lefs  denfe,  where  a  very  ftriking  vacillating  flame  arrerted 
the  attention  of  mod  people  who  happened  to  be  out.  it 
fometimes  flione  with  fuch  vividnefs  as  to  exhibit  a  rtream  of 
light  right  down  to  the  horizon  through*  the  thickert  part  of 
the  cloud;  and  at  other  times,  the  whole  (outhern  region 
was  illuminated  as  with  a  Hath  of  lightning.  The  light 
feemed  Icarcely  to  reach  the  zenith,  and  at  breaks  in  the 
clouds  to  the  north,  no  light  appeared.  Should  this  phenome¬ 
non  have  been  obferved  in  the  fouth  of  England  or  in  France, 
a  companion  of  the  obfervations  may  lead  us  to  form  fome 
idea  of  the  height  of  tins  and  other  appearances  of  this  meteor, 
which  occur  much  more  rarely  of  late  years  than  formerly. 


To 


To  CORRESPONDENTS. 


THE  ingenious  injlrnment  of  I.  S.  F.  for  explofwns  has  not 
appeared  to  the  Editor  to  be  wanted.  Cficrnieal  lefturers  in  this 
metropolis  nfe  a  frnall  particle  of  phnfphorus ,  of  the  fize  of  a 
pin’s  head,  and  fpr inkle  upon  it  a  pinch  of  the  oxymuriate  of  pot- 
ofh,  in  a  IVtdgeu'Ood’s  mortar.  This  fmall  quantity ,  being  firuck 
by  a  fudden  rub  of  the  pefile,  gives  a  loud  erplofon  with  the  vifible 
Jlame ,  but  the  burning  matter  is  too  little  to  endanger  the  fpebia- 
tors. 

The  excellent  perfpeclive  injlrnment  deferibed  and  drawn  by  the 
Rev.  Wm.  Gregor,  has  no  doubt  the  priority  in  actual  date  to 
that  of  R.  L.  Ed g worth,  Efq.  deferibed  in  our  firjl  Vol.  page 
1281.  But  he  will  Jee,  by  turning  to  that  article ,  that  the  infiru- 
ments  are  too  nearly  alike  to  admit  of  a  fecond  publication. 

J  am  much  obliged  to  Mr.  Cumberland  for  his  favour  of 
the  \  lth  Feb .  The  ufeful  objeSls  mentioned  in  his  pofifeript  ap¬ 
pear  to  me  to  be  J'uch  as  would  be  very  acceptable  to  the  public.  I 
am  afraid  that  the  circumflance  of  the  invention  of  Mr.  J.  having 
been  publifhed  before  would  make  it  lefs  proper  to  be  reprinted  in 
a  Journal  which  is  honoured  with  Jb  much  original  matter ,  that 
prejfes  for  infertion.  But  I  jhall  be  harpy  to  give  it  a  more  deli¬ 
berate  confederation  if  his  friend  will  favour  me  with  the  loan  of 
the  plates ,  and  J'uch  additional  objervations  or  notes  as  he  may 
think  fit  to  make . 

The  cafe  of  deafnefs,  communicated  by  Mr.  Hill  of  Wtllsy 
Norfolk,  in  which  Jo  much  benefit  zvas  derived  from  electricity,  is 
very  interejiing.  Some  medical  cafes  have  appeared  in  the  early 
numbers  of  the  fiirjt  feries  of  this  Journal ;  and  others  presented 
them/elves  for  my  decifion  as  Editor  with  regard  to  their  value 
and  importance.  But  in  the  attempt  to  perform  this  part  of  my 
duty,  l  found  difficulties  fo  great ,  and  a  fubjtch  fo  extenjive,  that 
it  appeared  proper  to  confine  the  papers ,  to  be  admitted ,  to  finch 
us  are  directly  and  immediately  connected  with  chemical  and  me¬ 
chanical  fcience.  /  Jhall  be  happy  to  convey  Ids  letter  to  a  rc~ 
jpcSlable  Medical  Journal,  if  he  Jhould  think  fit. 

4 

I  am  very  forry  that  the  Idler  from  a  Correspondent,  who 
requefied  J'ome  enquii  ies  to  be  made ,  concerning  the  fundamental 
experiments  on  heat,  of  the  late  Dr.  Irvine,  has  been  Jo  long 
without  its  cjfett.  1  hope  to  be  enabled  to  give  the  narrative  he 
requejis  in  the  next  number. 


Nicho Isolds  Philos-.  Journal*.  YoLY-Fi.JX.p-  30 


<«■■ 


;  esl 


\  m 


n  a 


i  i 


I  Fw.  1 . 


1* 


I  «! 


/*1 

At  I 


Fuj.  3 . 


cayjoj  //uy 


«  ’.a;*  . 

;  ion-  W  «Jhi.  ift!!' 11 

/&>' 

#■ 


tl1  ,  is*  . . .  : 

•*■  »W** . r»'cfe™, . ’ 


•  :v 1  ;  i  :s 


Jill  Si  i!  .HiiltJUi 


» 


llll 


'  t* 


/’*  %>  "  tn(f  •  TS  -m  *•  H||  ■”'  '  ' 

ru  »  m»  >»,  *  .....  ..  "  -  . 

^‘<n!«i»  <*  c  "«•  -1®  **  y*  ;;; ,» 

/JV;V  i  ."i('  /ly» 

* ,vy>vy;  • 

..•"  1..T*  •  •  ,  #  ..xlfc:  " 


Aw  ♦  t  4 

A,  >-  m 


If  f  i  |!|^! 

I  Si: . . 

WiW®';  t 

..  ills  ' 


Fuj.  6\ 


jOratm  by  Vratu*r  Bauer- 


/7  7 


_ 


.  »  J 


.  y 


,  /h  v 


/ 


/  y 


i  At  .£wjwv<’  ^ 


Jfhilos.  Journal,.  VolJLUJC.  p.  3 04- 


Ih-awH.  by  Franci*  .Bauer. 


Kriartn  ed  by  Mutlo »  Cot 


J'hilvjr.  Journal.  Vi<l  JC  FI.Xl.]>.  30J . 


*  t* « ''t'Jbijs? ll  ( * *T 


Jfy-  4- 

F 


I 


INDEX. 


A. 

Accum,  Mr.  letter  from  him  refpett- 
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~ — -  nitric,  on  the  diredl  produftion  of, 
105— 214 

Aeroftatic  voyage,  account  of  an,  to  exa¬ 
mine  the  magnetifm  of  the  air,  &c.  278 
Agricola,  273 
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285 

—  pump,  defcription  of  an  improved,  201 
Alcaiies,  aftion  of,  on  refins,  245 
Alcohol,  adVion  of,  on  fandarach,  246. — 
On  maftich,  247 

Aletes  on  the  refleftion  of  cold,  and  in¬ 
vention  of  the  telefcope,  92 — 145 
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Aurora  borealis,  a  remarkaoie,  303 
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